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LECTUKE  I. 


GENERAL  ANATOMY — THE  BONES  AND  MUSCLES. 

Before  we  begin  the  study  of  the  Laws  of  Health,  it  is 
absolutely  essential  to  know  something  of  the  human 
body,  which  is  to  be  kept  healthy. 

Canon  Kingsley,  to  whose  suggestion  the  foundation 
of  popular  lectures  of  this  kind  is  due,  fully  recognised 
this.  He  says,  in  his  “ Essay  on  Science  and  Health  ” 
(. Health  and  Education,  p.  13) : — 

“ Why  should  not  the  experiment  be  tried,  far  and 
wide,  of  giving  lectures  on  health,  as  supplementary  to 
those  lectures  on  animal  physiology,  which  are,  I am 
happy  to  say,  becoming  more  and  more  common  ? Why 
should  not  people  be  taught — they  are  already  being 
taught  at  Birmingham — something  about  the  tissues  of 
the  body,  their  structure  and  uses,  the  circulation  of  the 
blood,  respiration,  chemical  changes  in  the  air  respired, 
amount  breathed,  digestion,  nature  of  food,  absorption, 
secretion,  structure  of  the  nervous  system, — in  fact,  be 
taught  something  of  how  their  own  bodies  are  made,  and 
how  they  work  ? Teaching  of  this  kind  ought  to,  and 
will,  in  some  more  civilised  age  and  country,  be  held  a 
necessary  element  in  the  school  course  of  every  child, 
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just  as  necessary  as  reading,  writing,  and  arithmetic ; 
for  it  is,  after  all,  the  most  necessary  branch  of  that 
‘ technical  education  ’ of  which  we  hear  so  much  just 
now,  namely,  the  re^yr),  or  art,  of  keeping  oneself  alive 
and  well. 

“ But  we  can  hardly  stop  there.  After  we  have 
taught  the  condition  of  health,  we  must  teach  also  the 
condition  of  disease,  of  those  diseases  specially  which 
tend  to  lessen  wholesale  the  health  of  townsfolk  exposed 
to  an  artificial  mode  of  life.  Surely  young  men  and 
women  should  be  taught  something  of  the  causes  of 
zymotic  disease,  and  of  scrofula,  consumption,  rickets, 
dipsomania,  cerebral  derangement,  and  such  like.  They 
should  be  shown  the  practical  value  of  pure  air,  pure 
water,  unadulterated  food,  and  dry  dwellings.  Is  there 
one  of  them,  man  or  woman,  who  would  not  be  the 
safer  and  happier,  and  the  more  useful  to  his  or  her 
neighbours,  if  they  had  acquired  some  sound  notions 
about  those  questions  of  drainage  on  which  their  own 
lives,  and  the  lives  of  their  children,  may  every  day 
depend.  I say — women  as  well  as  men.  I should  have 
said  women  rather  than  men ; for  it  is  the  women  who 
have  the  ordering  of  the  household,  the  bringing  up  of 
the  children ; the  women  who  bide  at  home,  while  the 
men  are  away,  it  may  be  at  the  other  end  of  the  earth.” 

We  shall  first  consider  the  human  body,  the  parts  of 
which  it  is  made,  and  the  working  of  those  parts. 

The  study  of  the  parts  or  organs  of  which  an  organic 
being  such  as  man  is  made,  goes  by  the  name  of  Anatomy; 
the  study  of  the  working  of  those  parts  or  organs  goes 
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by  the  name  of  Physiology.  We  are  about  to  study 
these  two  subjects  together  for  the  most  part  throughout 
the  first  few  lectures,  beginning  from  the  simplest  con- 
siderations. 

The  rough  anatomy  of  a human  being  may  be  de- 
scribed as  follows  : — A human  being  consists  of  a head, 
trunk,  and  extremities  or  limbs. 

The  Head  consists  of  two  parts.  One  is  called 
the  cranium,  the  other  the  face.  In  the  cranium  is 
contained  an  organ,  and  a very  important  organ,  the 
brain.  In  the  face  we  find,  in  the  first  place,  the  begin- 
ning of  the  organs  which  deal  with  the  food,  which 
we  call  the  digestive  organs  (that  beginning  is  the 
mouth,  and  the  things  that  are  contained  in  the 
mouth),  the  beginning  of  the  organs  that  have  to  do 
with  breathing,  which  we  call  the  respiratory  organs — 
that  beginning  is  the  nose.  We  find,  besides  these, 
in  the  face,  certain  organs  of  special  sense, — the  organ 
of  taste  in  the  mouth,  the  organs  of  sight,  and  the 
organ  of  smell,  placed  in  the  position  in  which  we  should 
expect  the  organ  of  smell  to  be  placed,  nearly  at  the 
beginning  of  the  organs  of  respiration,  nearly  at  the 
beginning  of  the  tube  through  which  air  is  taken  into 
the  body. 

In  the  head  we  find  also  another  pair  of  organs  of 
special  sense — the  organs  of  hearing,  which  are  situated 
in  the  walls  of  the  cavity  of  the  cranium. 

The  Trunk  of  human  beings  is  roughly  and  ordin- 
arily divided  into  two  parts.  The  upper  one  is  called 
the  chest  or  thorax,  and  the  lower  one  is  called  the 


4 


GENERAL  ANATOMY. 


belly  or  abdomen.  We  shall  see  hereafter  that  this  is 
not  merely  a popular  division,  hut  that  it  is  really  a 
rational  division. 

The  chest  contains,  in  the  first  place,  the  heart, 
and  in  the  second,  the  lungs — one  on  each  side  of  the 
chest.  It  also  contains  the  great  blood-vessels  con- 
nected with  the  heart  and  lungs,  part  of  the  windpipe 
which  leads  to  the  lungs,  and  the  continuation  of  a 
tube,  the  gullet  or  swallow,  which  leads  from  the 
mouth  to  the  rest  of  the  digestive  organs.  The  head  is 
connected  with  the  chest  by  the  neck,  through  which 
the  tubes  just  mentioned  pass,  viz.,  the  windpipe,  which 
is  connected  with  the  lungs,  and  which  connects  the 
lungs  with  a cavity  behind  the  mouth,  into  which  the 
nostrils  lead,  and  so  with  the  nose ; and  the  gullet  or 
swallow,  which  is  connected  with  the  mouth,  and  passes 
down  through  the  thorax  into  the  next  division  of  the 
trunk.  In  the  lower  division  of  the  trunk,  which 
we  call  the  abdomen,  there  are  contained,  in  the  first 
place,  the  remainder  of  the  organs  of  digestion,  namely, 
the  stomach,  and  the  intestinal  canal;  the  stomach  being 
rather  on  the  left  hand  side.  On  the  right,  hand  side  of 
the  abdomen  is  the  liver.  Besides  these  organs  there  is 
the  spleen — an  organ  which  is  situated  on  the  left  hand 
side  of  the  abdomen,  to  which  the  ancients  attributed 
the  property  of  causing  anger,  because  they  could  find 
no  other  duty  for  it.  Underneath  the  stomach,  but 
situated  rather  behind  it,  is  an  organ  we  call  the  pan- 
creas, which  means  all  flesh ; we  eat  the  pancreas  of  the 
calf  at  table  under  the  name  of  sweetbread.  There  are 
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also  two  other  important  organs  in  the  abdomen,  one  on 
each  side,  called  the  kidneys. 

I have  said  already  that  the  chest  and  abdomen  are 
popular  divisions  of  the  trunk ; but  there  is  a very 
good  reason  for  this — namely  that  in  us,  and  in  all 
animals  of  the  class  to  which  we  belong,  the  mam- 
malia— so  called  because  they  nourish  their  own  young 
— the  chest  and  the  abdomen  are  divided  from  one 
another  by  a partition,  which  goes  by  the  name  of  the 
diaphragm. 

I have  mentioned  the  chief  separate  contents  of 
the  chest  and  abdomen.  Besides  these  there  is  a double 
chain  of  nerves  with  knots  (which  we  call  ganglia) 
upon  them,  running  down  through  the  thorax  or  chest, 
and  through  the  abdomen,  behind  all  these  organs. 
This  double  chain  of  nerves  goes  by  the  name  of  the 
sympathetic  • nerves.  But  if  you  took  a human  being, 
and  examined  him  right  through,  from  front  to  back,  in 
the  chest  or  abdomen,  you  would  also  find  a chain 
of  bones  running  from  the  head  downwards  behind 
the  cavities  of  the  chest  and  abdomen ; and  behind 
that  chain  of  bones,  a tube  running  right  down,  and 
inside  that  tube,  a white  cord  which  we  call  the  spinal 
cord ; and  if  you  looked  farther,  you  would  see  that  the 
spinal  cord  is  continuous  above  with  part  of  the  brain, 
through  a hole  in  the  walls  of  the  cranium. 

The  Extremities  or  limbs  have  no  such  cavities 
containing  special  organs  as  are  in  the  head  and  trunk ; 
they  are  solid  throughout,  except  that  they  contain  cer- 
tain tubes.  They,  in  fact,  are  made  up  of  the  same  kind 
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of  structures  as  the  walls  of  the  body  generally,  and 
these  structures  we  will  now  consider. 

In  the  first  place,  the  whole  exterior  of  the  body  is 
covered  by  what  we  call  the  skin.  In  the  skin  there 
are  two  important  layers  : there  is  the  skin  proper, 
called  the  dermis,  which  is  soft,  moist,  very  sensitive, 
and  supplied  with  a great  deal  of  blood.  It  bleeds  when 
it  is  cut.  There  is  also  a covering  to  the  skin  proper, 
which  we  call  the  epidermis,  because  it  is  upon  the 
dermis,  or  outside  of  the  skin  proper.  This  is  drier, 
not  sensitive,  not  supplied  with  blood,  and  consists  of 
horny  scales  which  are  continually  falling  off.  All  the 
surface  of  the  body  is  covered  with  it.  Wherever 
there  is  an  opening  from  the  interior  of  the  body 
to  the  external  air,  the  skin,  as  we  understand  it,  ceases, 
and  another  substance,  or  rather  something  that  we 
call  by  another  name,  takes  its  place.  All  the  cavities 
of  the  body  that  communicate  with  the  external  air  are 
lined  by  a kind  of  internal  skin,  which  we  call  the 
mucous  membrane.  This  internal  skin  resembles  the 
external  in  that  it  has  two  important  layers.  It  has  a 
deep  layer,  which  is  soft,  sensitive,  well  supplied  with 
blood,  and  a superficial  layer,  which  is  moist,  but 
otherwise  not  unlike  the  superficial  layer  of  the  skm 
itself,  as  it  is  insensitive  and  not  supplied  with  blood ; 
thus,  at  all  the  openings  between  the  internal  organs 
that  communicate  with  the  external  air  and  the  suiface, 
this  mucous  membrane,  which  lines  these  internal  oigans, 
joins  the  skin,  so  that  we  see  that  the  organs  already 
described  as  in  the  body,  and  many  that  we  have  not 
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mentioned,  are,  as  it  were,  contained  between  these  two 
skins. 

The  superficial  layer  of  the  mucous  membrane  is 
called  the  epithelium ; so  that  in  the  skin  we  have  the 
dermis  or  true  skin,  and  the  epidermis,  which  is  some- 
times called  the  scarf  skin ; and  in  the  mucous  mem- 
brane a deep  layer,  and  a superficial  layer  called  the 
epithelium.  Underneath  the  skin  of  the  body  we  find, 
in  the  first  place,  a more  or  less  thick  layer  of  fat,  which 
is  thicker  in  certain  parts  of  the  body  than  in  others, 
and  beneath  that  a number  of  structures  that  we  call 
muscles  or  flesh. 

We  find  this  whether  we  take  the  extremities,  or 
the  walls  of  the  body  anywhere,  and  we  find  besides  this 
a number  of  tubes  containing  blood,  called  blood-vessels, 
in  all  parts  of  the  body  below  the  epidermis  or  below 
the  epithelium,  and  other  tubes  not  containing  blood, 
but  a nearly  colourless  fluid,  which,  from  its  resemblance 
to  water,  is  called  lymph.  These  tubes  go  by  the  name 
of  lymphatic  ducts.  Besides  them  we  find  white  cords 
in  almost  all  parts  of  the  body,  more  or  less  directly 
connected  with  the  brain  or  the  spinal  cord,  which  we 
call  nerves.  These  are  the  structures  that  we  find  in 
the  limbs,  and  also  wherever  we  examine  the  walls  of 
the  body. 

Such  is  a very  brief  outline  of  the  more  important 
organs  of  the  body,  and  the  way  in  which  they  are  put 
together. 

W e will  now  pass  on  to  consider  parts  of  the  body 
more  particularly,  and  will  begin  with  the  bones.  In 
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the  young  human  body  there  are  more  than  two 
hundred  separate  bones,  hut  some  of  these  grow  together 
in  the  adult,  so  that  several  form  one  bone. 

Bones  and  their  Uses. — Bone,  is  in  the  first  place, 
the  hardest  substance  in  the  body  (with  the  exception 
of  the  teeth),  and  contains  three  parts  of  mineral  matter 
to  only  one  part  of  organic  or  living  substance.  This 
composition  gives  great  solidity  to  bony  structures. 

We  call  the  assemblage  of  bones  in  the  body  the 
skeleton,  and  the  uses  of  it  are  these  : — The  first  is  to 
protect  the  soft  parts ; the  second  to  support  them,  and 
so  keep  the  shape  of  the  body;  and  the  third  to 
afford  levers  by  means  of  which  the  parts  of  the  body 
may  be  moved.  All  bones  are  constructed  so  that  they 
shall  be  as  light  as  possible,  compatible  with  strength : 
they  are  either  flat,  like  some  bones  of  the  skull,  or 
long,  like  some  of  the  bones  in  the  limbs,  or  irregular 
in  shape.  Mat  bones  are  made  (in  order  to  have  the 
greatest  strength  with  the  least  weight)  of  two  plates  of 
solid  hard  bone,  with  sponge-like  bone  between  them. 
If  you  had  a flat  bone  of  one  solid  piece  of  the  same 
weight  as  one  of  the  bones  of  the  skull,  it  would  not  be 
strong  enough ; and,  on  the  other  hand,  if  you  had  a 
flat  solid  bone  as  thick  as  one  of  the  bones  of  the  skull, 
it  would  be  too  heavy.  So,  too,  the  long  bones  are  not 
solid  pieces  of  hard  bone ; they  have  hard  compact  bone 
on  the  outside,  and  on  the  inside  soft  spongy  bone,  and 
in  the  middle  of  this  a cavity  containing  marrow,  which 
we  call  the  medullary  cavity.  In  this  way  the  long 
bones  have  the  greatest  amount  of  strength  combined 
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with  lightness.  Their  section  is,  as  a rule,  more  or  less 
circular;  they  are,  in  fact,  hollow  cylinders,  the  strongest 
part  of  which  is  outside,  a softer,  more  spongy  part 
inside,  and  a hollow  in  the  middle. 

We  will  now  refer  to  the  bones  that  form  the  Spinal 
Column,  which  we  call  the  back-bones.  It  is  not  correct 
to  speak  of  the  back-bone,  as  this  spinal  column  consists 
originally  of  thirty-three  separate  bones,  each  of  which 
is  called  a vertebra,  two  or  more  being  called  vertebrae. 
They  each  consist,  in  the  first  place,  of  a solid  piece  of 
bone  called  the  body ; a solid  disc-shaped  piece  of  bone, 
more  or  less  oval  in  section,  and  harder,  like  any  other 
bone,  on  the  outside  than  on  the  inside.  This  body  has 
what  are  called  processes  of  bone  projecting  out  from  it 
backwards ; they  meet  together  a little  distance  from  it, 
and  form  an  arch.  This  arch,  therefore,  leaves  a hole 
or  ring  between  the  body  and  the  processes,  so  that  you 
have  in  each  vertebra,  a body,  processes,  and  a ring.  From 
the  back  of  the  arch  a process  starts,  called  the  spinous 
process,  backwards,  and  it  is  from  these  spinous  pro- 
cesses of  the  vertebral  column  that  the  old  anatomists 
gave  the  name  of  the  spinal  column  to  this  set  of 
bones,  and  so  the  nervous  cord  which  passes  through  the 
rings  gets  the  name  of  the  spinal  cord.  These  vertebrae 
also  have  upon  their  processes  places  for  joining  them 
each  with  the  vertebra  above  and  the  vertebra  below, 
called  articular  or  joining  processes.  When  they  are 
fitted  together  by  means  of  these  joining  processes,  as 
they  are  in  the  human  body,  the  rings  form  a canal, 
and  that  canal  is  the  spinal  canal,  which  contains  the 
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spinal  cord.  The  canal  communicates  at  its  upper  end 
with  the  cranial  cavity,  in  which  is  the  brain. 

Now,  to  consider  the  parts  of  the  vertebral  column. 
These  thirty-three  vertebra  are  divided  in  the  following 
way.  There  are  seven  in  the  neck  between  the  head 
and  the  chest,  called  cervical  or  nech  vertebrae,  and  it  is  a 
very  curious  fact,  that  all  animals  that  belong  to  the 
same  class  as  we  do  (viz.,  the  mammalia),  with  two  ex- 
ceptions, have  each  seven  cervical  vertebra  in  the  neck, 
whether  they  have,  as  in  the  case  of  the  giraffe,  very 
long  necks,  or,  as  in  that  of  the  whale,  very  short  ones. 

After  these  seven  neck  vertebrae,  there  come  twelve 
in  the  back,  called  dorsal  vertebra,  to  which  the  ribs 
are  attached.  They  belong  especially  to  the  thorax  or 
chest ; below  them  there  come  five  large  vertebra, 
called  lumbar,  or  the  vertebrae  of  the  loins.  The  bodies 
of  the  vertebra  get  larger  as  we  go  down  from  the  head 
to  the  last  of  the  lumbar  vertebrae.  Then  come  five 
more,  which  in  the  child  are  separate  from  one  another, 
and  which  in  the  adult  grow  together  into  one  bone, 
called  the  sacrum. 

After  that  there  is  in  the  adult,  a little  bone,  called 
the  coccyx,  from  its  resemblance  to  the  beak  of  the  cuckoo; 
it  is  formed  by  the  joining  together  of  four  small  bones, 
which  correspond  to  the  bones  of  the  tail  in  most  other 
animals.  That  makes  up  thirty-three  bones. 

The  first  two  cervical  vertebra  have  strange  pecu- 
liarities. The  first  of  them  is  called  the  atlas,  because 
it  carries  the  head.  It  has  no  body  at  all,  properly 
speaking ; but  is  merely  a ring  of  bone,  and  the  place 
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of  its  body  is  taken  by  a curious  process  called  the 
odontoid  or  tooth-like  process,  which  projects  upwards 
from  the  body  of  the  second  vertebra  or  axis.  It 
sticks  up  into  the  ring  of  the  atlas ; these  two  vei- 
tebrse  are  attached  to  the  head  by  fibrous  bauds.  This 
contrivance  enables  the  head  to  be  turned  round  upon 
the  vertebral  column  without  moving  the  rest  of  the 
vertebral  column.  The  spinal  cord,  passing  through  the 
spinal  canal,  passes  also  through  the'  ring  of  the  atlas, 
and  it  is  necessary  in  the  turning  of  the  head  that  the 
spinal  cord  should  not  be  pressed  upon,  so  there  is  a 
strong  fibrous  band,  called  the  transverse  ligament,  which 
stretches  from  side  to  side  and  divides  that  ring  into 
two  parts.  In  the  front  part  is  the  odontoid  process 
of  the  axis,  occupying  the  position  that  the  body  of 
the  atlas  would  have  done,  and  in  the  hinder  part  of 
the  ring  there  is  the  spinal  cord,  so  that  this  ring, 
although  it  is  merely  one  ring,  is  divided  by  the  trans- 
verse ligament  into  two  parts. 

Between  the  bodies  of  the  vertebrae  (except  the  first 
two)  there  are  placed  tough  gristly  plates  or  discs 
which  are  attached  closely  and  firmly  to  the  bodies  of 
the  vertebrae.  They  are  soft  in  their  inside,  and  their 
edges  are  so  firmly  attached  to  the  bodies  of  the  vertebrae, 
that  the  vertebrae  can  be  broken  rather  than  separated 
from  them.  They  are  called  the  intervertebral  discs, 
because  they  are  between  the  vertebrae.  Besides  that, 
the  vertebrae  are  joined  together  by  very  strong  fibrous 
structures,  which  we  call  ligaments;  these  pass  right 
down  in  front  of  them,  and  also  down  behind  their 
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bodies,  inside  the  spinal  canal,  thus  binding  them  all 
together. 

Now  what  is  the  use  of  all  this  contrivance  ? 

Firstly,  the  protection  of  the  spinal  cord.  This  is 
frequently  given  as  the  fifth  or  sixth  object  of  the  exist- 
ence of  the  vertebral  column.  Why  I call  it  the  first 
is,  because  in  animals  that  have  no  spinal  cord,  there  is 
no  vertebral  column,  and  in  animals  that  have  a verte- 
bral column  there  is  a spinal  cord. 

The  old  naturalists  divided  animals  into  two  classes, 
vertebrate  animals,  and  invertebrate  animals, — animals 
that  have  a vertebral  column,  and  animals  that  have 
not. 

You  may  think  that  it  is  a very  extraordinary  thing 
that  the  animal  kingdom  should  be  divided  into  two 
great  parts,  merely  because  of  the  presence  or  absence 
of  a set  of  bones,  but  the  reason  is  the  one  I have  just 
mentioned,  viz.  that  animals  that  have  vertebral  columns 
have  spinal  cords  and  brains,  and  animals  that  have  not 
vertebral  columns  have  not  spinal  cords  and  brains. 
This  division  of  the  old  naturalists,  although  it  merely 
rested  originally  upon  the  possession  or  not  of  this 
set  of  bones,  is  a sound  one,  and  we  have  kept  it. 

The  first  use,  then,  of  the  vertebral  column  is  the 
protection  of  the  spinal  cord.  In  the  next  place,  it 
supports  the  head,  the  chest,  and  the  upper  extremities, 
which  are  attached  to  it'  and  it  is  supported  by  the 
lower  extremities. 

I want  now  to  point  out  to  you  the  reasons 
why  it  is  constructed  in  the  way  I have  described. 
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In  tlie  first  place,  the  fact  that  it  is  made  up  of  a 
large  number  of  hones,  separated  by  strong  elastic  discs, 
or  rather  connected  by  these  compressible  discs,  gives  it 
a certain  possibility  of  movement,  and  this  movement  is 
attained  without  injury  to  the  spinal  cord. 

Then  another  reason  why  the  vertebral  column  is 
not  made  up  of  one  bone,  or  why  the  spinal  cord  is  not 
protected  by  one  solid  tube  of  bone,  is,  that  it  is  very 
important  that  the  spinal  cord  should  not  receive  shocks, 
and  it  is  very  important,  too,  that  the  brain  should  not 
receive  sudden  shocks.  Any  shock  communicated  to 
a series  of  bones  like  this,  separated  by  fibrous  discs, 
containing  softer  matter  in  their  interior,  is  lost  before 
it  gets  very  far,  such  shock  being  divided  up  as  it  were 
into  a number  of  shocks,  which  get  less  and  less  the 
farther  they  go.  We  can  jump  on  the  ground  without 
any  severe  shock  being  communicated  to  the  spinal 
cord,  and  thence  to  the  brain. 

We  will  now  pass  on  to  the  consideration  of  the 
bones  of  the  head : they  form  the  Skull,  which  is  sup- 
ported on  the  top  of  the  spinal  column.  In  the  cranium, 
the  part  of  the  head  in  which  the  brain  is  contained, 
there  are  eight  bones  : the  one  in  front  goes  by  the 
name  of  the  frontal  bone;  the  two  flat  ones  at  the 
sides  and  top,  because  they  are  as  it  were  the  walls 
of  the  skull,  are  called  the  parietal  bones ; at  the  sides, 
lower  down,  are  the  two  temporal  bones,  in  which  the 
internal  organs  of  hearing  are  placed ; the  bone  at  the 
back  part  of  the  base  of  the  cranium  goes  by  the 
name  of  occipital ; it  is  the  bone  which  rests  upon  the 
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spinal  column.  (The  two  other  hones  of  the  cranium 
need  not  he  noticed  here.) 

There  is  a large  hole  in  the  occipital  hone  which  is 
continuous  with  the  hole  that  passes  down  through  all 
the  rings  at  the  back  of  the  vertebrae ; through  that 
hole  in  the  occipital  hone  the  spinal  cord  comes  up  into 
the  skull  and  joins  the  brain.  So  we  see  that  in  the 
cranium  there  is  a large  cavity  which  contains  the  brain, 
and  is  continuous  through  a hole  with  the  spinal  canal 
formed  by  the  rings  at  the  back  of  the  vertebrae. 

We  may  therefore  say  that  vertebrate  animals  have 
a separate  cavity  in  their  body,  containing  the  brain 
and  spinal  cord,  and  that  the  rest  of  their  body  is  out- 
side of  that,  while  animals  which  have  no  brains  or 
spinal  cords  have  no  such  additional  cavity. 

In  the  skull,  besides  the  cranial  cavity,  there  is  the 
face,  in  which  there  are  fourteen  bones. 

The  bones  of  the  cranium  and  face,  with  one  excep- 
tion, are  fastened  together  tightly,  bone  to  bone,  i.e. 
immovably  fastened  together ; and  the  bones  of  the 
cranium  form  an  arch  over  the  brain,  the  strongest  pos- 
sible construction  for  the  protection  of  the  brain. 

There  are  two  ways  in  which  they  are  fastened 
together — either  the  bones  have  irregular  edges,  and  are 
joined  so  that  the  projections  of  one  edge  fit  into  the 
notches  of  the  other, — a very  secure  connection,  called, 
from  giving  the  appearance  of  stitches,  a suture, — or  else 
the  edges  are  bevelled  off  so  that  the  edge  of  one  bone 
fits  over  the  edge  of  the  other  in  one  place,  and  under 
it  in  another.  The  one  bone  in  the  skull  which  is  not 
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fastened  immovably  to  the  rest  of  the  bones,  is  the 
lower  jaw. 

We  now  come  to  the  bones  of  the  chest. 

The  Ribs  and  Breast-bone. — To  the  twelve  verte- 
brae of  the  back  there  are  attached  on  each  side  twelve 
pairs  of  thin  curved  bones  called  ribs.  These  bones 
are  attached  not  one  to  each  vertebra,  but  one  between 
each  two,  i.e.,  each  of  these  bones  is  attached  to  two 
of  the  vertebrae  of  the  back  and  to  the  disc  between 
them.  They  are  not  attached  so  that  they  cannot 
move  at  all,  but  are  so  attached,  by  means  of  what 
we  call  a true  joint,  that  they  can  be  moved  pretty 
freely. 

A substance,  softer  than  bone,  which  we  call  car- 
tilage or  gristle,  is  found  at  their  other  ends.  These 
cartilages  or  gristles  are  attached  in  the  case  of  the  first 
seven  pairs  of  ribs  to  a bone  in  the  front  of  the  chest 
called  the  breast-bone  or  sternum.  The  cartilages  of 
the  next  three  are  attached  to  one  another,  and  the 
other  two  ribs  are  not  attached  in  front  at  all.  These 
ribs  and  sternum  form  part  of  the  walls  of  a kind  of 
cage  called  the  chest  cavity,  and  protect  the  soft  parts 
within  the  cavity  of  the  chest. 

Lastly,  there  are  the  bones  of  the  Limbs  or 
Extremities. 

In  the  upper  extremity  there  is,  in  the  first  place, 
a triangular  bone  which  goes  by  the  name  of  the  shoulder- 
blade.  This  is  situated  at  the  upper  part  of  the  back  of 
the  chest,  and  is  not  directly  fixed  to  the  vertebral 
column  at  all.  In  the  second  place,  the  collar-bone 
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which  connects  the  shoulder-blade  with  the  sternum 
or  breast-hone. 

In  the  upper  limb,  after  these  two  hones,  comes 
a long  bone  called  the  humerus,  which  is  the  bone  of 
the  arm  proper.  This  hone  has  its  globular  head  fitted 
to  a shallow  cavity  in  the  shoulder-hone. 

Thus  the  ujp'per  limb  is  only  very  indirectly  connected 
with  the  vertebral  column,  because  the  main  bone  of  the 
arm  is  joined  to  the  shoulder-blade,  and  this,  by  means 
of  the  collar-bone,  to  the  breast-bone,  which  is  connected 
to  the  vertebral  column  by  means  of  the  ribs  and  car- 
tilages of  the  ribs.  In  the  lower  limb  it  is  very  dif- 
ferent : instead  of  the  shoulder-blade  and  collar-bone, 
we  have  one  bone  on  each  side,  which  is  called  the 
innominate  bone,  and  these  bones,  so  far  from  being 
indirectly  attached  to  the  spinal  column,  are  firmly 
attached,  one  on  each  side,  to  the  bone  that  we  have 
before  referred  to  as  being  made  of  five  vertebrae — viz. 
the  sacrum, — and  they  are  joined  together  in  front ; so 
that  it  will  be  seen  that  while  the  upper  limbs  are 
attached  to  bones  which  allow  of  a great  amount  of 
movement,  the  lower  limbs  are  attached  to  bones  which 
are  very  firmly  fixed,  and,  in  fact,  support  the  vertebral 
column  itself.  In  each  of  these  two  bones  there  is  a 
deep  cavity  which  receives  the  head  of  the  main  bone 
of  the  leg,  called  the  femur,  and  you  will  note  how 
admirably  this  construction  is  adapted  for  sustaining 
the  body : one  strong  bone  on  each  side,  with  the  verte- 
bral column  wedged  in  between  them,  and  the  main 
bone  of  each  leg  stuck  into  a deep  hollow  in  one  of 
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these  strong  bones.  Another  thing  to  be  noted,  too, 
is,  that  whereas  the  main  bone  of  the  arm  is  straight, 
and  its  head  fits  quite  loosely  into  a slight  cavity 
at  the  end  of  the  shoulder-blade,  the  thigh-bone  is 
bent  at  an  angle,  and.  its  head  fits  into  a deep  pit,  so 
that  the  two  thigh-bones,  on  account  of  the  angles  at 
which  they  are  bent,  form  an  arch  with  the  bones  in 
which  they  are  set,  and  the  lower  part  of  the  vertebral 
column  is  wedged  in,  as  it  were,  at  the  crown  of  this 
arch. 

We  will  now  take  the  remainder  of  the  upper  limb 
and  the  remainder  of  the  lower  limb.  In  the  fore-arm 
there  are  two  bones,  and  in  the  fore-leg  there  are  two 
bones ; so  far  they  resemble  one  another..  After  these 
two  bones  in  the  fore-arm  comes  a set  of  small  bones 
called  the  wrist-bones,  eight  in  number,  and  there 
are,  likewise,  in  the  lower  limb  a set  of  small  bones 
which  are  called  the  ankle-bones,  seven  in  number.  In 
the  upper  extremity,  after  the  wrist-bones,  come  the 
hones  in  the  hand,  five  in  number,  and  after  them 
bones  in  the  fingers,  three  in  each  finger  and  two  in  the 
thumb.  In  the  lower  extremity,  after  the  ankle-bones, 
we  have  the  bones  in  the  foot,  five  in  number,  and  then 
the  bones  in  the  toes,  three  in  each  toe,  except  the 
great  toe,  in  which  there  are  two ; so  that  it  will  be 
seen  that  in  the  upper  and  lower  extremities  there  are 
considerable  resemblances  in  the  way  in  which  they 
are  built  up,  as  to  the  number  and  arrangement  of  their 
bones,  at  any  rate. 

But  let  us  look  a little  further.  The  upper  limb  is 
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one  which  requires  the  greatest  possible  amount  of 
movement;  it  is  a prehensile  member,  and  note  how 
this  is  provided  for.  The  hones  of  the  fore-arm  are 
called  the  radius  and  the  ulna.  When  the  arm  is  hang- 
ing down  with  the  palm  of  the  hand  forwards,  the  radius 
is  on  the  outer  side  of  the  fore-arm  and  the  ulna  on  the 
inner.  The  main  hone  of  the  arm  is  joined  to  the  ulna. 
The  radius  has  a disc-shaped  head,  rather  like  a thick 
gun  pellet,  which  is  capable  of  moving  in  a groove  on 
the  inner  side  of  the  head  of  the  ulna.  The  lower  end 
of  the  radius  is  much  larger  than  the  upper  end.  To 
the  lower  end  of  the  radius  or  outside  bone  of  the  arm 
the  first  four  bones  of  the  wrist  are  j oined,  and  the  other  four 
bones  join  on  to  them,  and  the  hand  bones  are  joined  to 
these,  so  that  the  hand  is  attached,  by  means  of  the 
wrist,  to  the  end  of  this  radius  or  outer  bone  of  the  arm, 
and  has  very  little  to  do  with  the  other  bone,  whereas 
the  other  bone  is  joined  on  to  the  main  bone  of  the  arm. 
Therefore,  when  the  head  of  the  radius  is  turned  round 
in  the  groove  of  the  ulna,  it  carries  the  hand  with  it, 
because  the  hand  is  attached  to  it,  and  so  the  hand  is 
turned  round. 

In  the  lower  limb,  between  the  knee  and  the  ankle, 
there  are  two  bones,  the  inner  one,  a very  strong  bone, 
called  the  tibia,  on  to  which  the  lower  end  of  the  thigh- 
bone joins,  and  the  other  called  the  fibula,  a very  thin 
bone  which  rests  along  on  the  outer  side  of  it.  There 
is  no  turning  round  between  these  two  bones  at  all,  and 
so  far  from  the  fibula  being  joined  on  to  the  ankle  as 
the  radius  is  joined  on  to  the  wrist,  it  is  especially  the 
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tibia,  the  same  one  that  is  joined  on  to  the  thigh-bone, 
that  joins,  with  the  ankle. 

Now  the  hand  is  joined  on  to  the  outside  bone  of 
the  arm  in  a straight  line,  and  it  is  joined  on  compara- 
tively loosely,  so  that  you  can  move  the  hand  very 
rapidly  in  many  directions,  as  required,  but,  on  the  other 
hand,  the  foot  is  joined  on  to  the  bones  of  the  leg  at 
right  angles.  When  the  foot  is  planted  upon  the  ground 
in  a horizontal  position  these  bones  are  in  a vertical 
position,  at  right  angles  to  the  foot. 

The  bones  of  the  fore-leg  are  joined  to  one  bone 
among  the  ankle-bones  (not  to  a row,  as  in  the  wrist), 
and  another  of  the  ankle-bones  projects  backwards  and  so 
lengthens  the  basis  of  support,  forming  the  heel;  so 
it  will  be  seen  that  in  the  lower  limb  the  bones  are 
arranged  in  such  a manner  as  to  bear  weight,  while,  on 
the  other  hand,  the  bones  of  the  upper  limb  and  hand 
are  arranged  so  as  to  allow  the  greatest  amount  of  move- 
ment. Further,  the  bones  of  the  ankle  and  foot  are 
disposed  in  an  arch,  thus  showing  that  in  the  construction 
of  the  foot  itself  yon  have  the  strongest  construction 
that  we  know  of  for  supporting  the  weight  of  the  body. 

Thus  we  find  this  construction  in  the  foot,  in  the 
pelvis,  and  in  the  cranium,  the  bones  of  the  skull  being 
so  arranged  in  order  to  protect  the  brain. 

J oints. — Bones  are  joined  together  in  several  ways. 
In  the  first  place,  they  are  joined  together  by  what  we 
call  fixed  or  immovable  joints,  such  as  have  been  ex- 
plained in  our  description  of  the  skull.  Then  there  are 
mixed  joints,  which  are  neither  fixed  nor  very  movable, 
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such  as  we  have  explained  in  the  vertebral  column, 
and  the  joints  between  the  collar-bones  and  breast-bone. 

Further,  there  are  what  are  called  true  joints  or 
movable  joints,  which  are  constructed  as  follows : — 
Two  pieces  of  bone  would  rub  together  bar  sidy,  so  the 
ends  are  covered  with  a softer  substance — gristle  or  car- 
tilage— and  between  the  cartilage  of  each  bone  there  is 
placed  a little  bag  of  membrane,  closed  on  all  sides, 
which  is  capable  of  secreting  fluid  in  its  inside — that 
fluid  is  called  synovia,  and  the  bag  itself,  the  synovial 
membrane.  There  is  no  way  into  this  bag  and  no  way 
out  of  it,  and  it  is  placed  in  between  the  ends  of  the 
two  bones,  and  so  keeps  the  joint  continually  moist 
and  soft. 

Besides  that,  there  are  structures  passing  from  bone 
to  bone  which  bind  them  together,  and  because  they 
bind  are  called  ligaments.  They  are  made  of  a tough 
substance,  called  fibrous  tissue ; it  is  the  white,  shiny 
substance  often  met  with  in  a joint  of  meat ; sometimes 
there  are  so  many  of  these  ligaments  as  to  surround  the 
whole  joint, — for  instance,  in  the  hip-joint, — when  they 
are  called  the  capsule  of  the  joint. 

Movements. — In  all  true  joints  the  bones  glide  one 
over  the  other,  and  in  certain  joints  that  is  the  only 
movement  possible,  as,  for  instance,  between  the  bones 
in  the  wrist.  In  other  joints  an  angular  motion  is  also 
allowed,  and  these  are  called  hinge -joints — such  are 
the  elbow-joint,  the  knee-joint,  and  the  finger-joints. 

In  others  one  bone  turns  round  upon  another,  and 
such  are  called  pivot-joints ; an  example  of  this  is 
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found  between  the  first  and  second  vertebrae — the  first 
vertebra,  with  the  head  upon  it,  turns  round  on  the 
pivot  stuck  out  of  the  second  vertebra, — it  is  called  the 
motion  of  rotation. 

Another  example  of  the  movement  of  rotation  is 
found  in  the  joint  between  the  radius  and  ulna. 

Besides  these,  there  is  the  ball-and-socket  joint, 
which  allows  of  the  greatest  amount  of  movement.  In 
this,  the  head  of  one  bone  is  globular,  shaped  like  a 
ball,  and  fits  into  a cavity  or  hollow  of  another.  As 
examples  of  this,  I may  refer  to  the  shoulder-joints  and 
the  hip-joints.  In  these  there  is  yet  another  move- 
ment allowed  which  we  have  not  mentioned,  and  that 
is  the  movement  by  which  the  whole  limb  is  moved  round 
an  imaginary  line;  this  is  called  the  movement  of 
circumduction. 

The  movement  of  rotation  is  much  greater  in  the 
case  of  the  thigh-bone  than  it  is  hi  that  of  the  main- 
bone  of  the  arm,  because  the  thigh-bone  is  bent  so  that 
it  can  be  turned  round  much  more  readily  than  the 
arm-bone,  which  is  very  nearly  straight ; this  makes  up 
for  the  want  of  rotation  in  the  fore-leg ; on  the  other 
hand,  rotation  of  the  main-bone  of  the  arm  is  not  needed, 
because  we  have  the  maximum  power  of  rotation  in  the 
fore-arm. 

I have  before  explained  that  one  of  the  uses  of  the 
bones  in  the  body,  and  especially  of  the  long  bones,  is 
to  act  as  levers  by  which  the  parts  of  the  body  can  be 
moved.  The  bones  cannot  move  by  themselves,  and  I 
am  now  going  to  describe  the  substance,  the  office  of 


22 


THE  MUSCLES. 


which  is  to  move  the  bones,  and  so  to  move  the  different 
parts  of  the  body.  That  substance  we  call  flesh  or 
muscle.  Flesh  or  muscle  is  made  up  of  bundles  of 
fibres,  which  are  surrounded  by  strong,  tough,  fibrous 
structure : a set  of  such  bundles  again  surrounded  by 
another  strong  fibrous  structure  goes  by  the  name  of 
a muscle,  so  that  a muscle  consists  of  bundles  of  fibres, 
of  what  we  call  muscular  tissue,  enveloped  in  a strong 
fibrous  membrane. 

As  a rule,  this  strong  fibrous  membrane  at  each  end 
of  the  muscle  is  fixed  into  bone,  and  frequently  at 
one  or  both  ends  of  the  muscle,  assumes  the  form  of 
a cord,  or,  as  we  call  it,  a tendon  or  sinew. 

Flesh  or  muscle  has  a peculiar  property,  which  is 
that  it  contracts  when  it  is  irritated  ; contracts,  as  we 
say,  under  the  application  of  stimuli ; this  irritation 
may  be  mechanical,  chemical,  or  electrical ; cooling  of 
the  muscular  tissue  produces  a like  effect. 

When  either  of  these  kinds  of  irritation  is  applied 
to  a muscle  it  contracts,  i.e.  it  shortens,  the  distance 
between  its  two  ends  becomes  less,  and  it  becomes 
thicker.  Not  only  does  the  stimulus  affect  the  whole 
muscle,  but  each  fibre. 

It  is  clear  when  this  happens  that  one  or  both  of  the 
bones  to  which  the  muscle  is  attached  must  move,  or  else 
it  would  be  torn  away  from  its  attachment  to  the  bones. 
The  bones  are  moved  because  the  muscle  joined  to  the 
bones  shortens,  and  therefore  the  two  ends  of  the  muscle 
must  be  brought  nearer  together,  and  that  can  only 
happen  when  either  one  or  both  of  the  bones  is  mo\  ed. 
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There  is  another  stimulus  by  which  the  muscles  we 
are  now  considering,  viz.  the  muscles  that  constitute  the 
flesh  of  the  body,  the  muscles  by  which  the  levers  are 
caused  to  move  the  different  parts  of  the  body,  are  made 
to  contract,  and  that  other  stimulus  is  the  will. 

The  stimulus  caused  by  the  will  acts  through  an 
apparatus  not  yet  described,  namely  the  nervous  system. 
The  stimulus  exercised  by  the  will  can  cause  these 
muscles  to  contract,  and  therefore  the  different  parts  of 
the  body  to  be  moved,  and  so  these  muscles  that  are 
under  the  influence  of  the  will  go  by  the  name  of  vol- 
untary muscles;  they  are  muscles  over  which  we  have 
control  by  means  of  the  will,  so  that  we  can  make  them 
contract  whenever  we  choose.  We  shall  see  that  there 
are  a great  many  muscles  over  which  we  have  no  control 
by  means  of  the  will,  and  these  are  called  involuntary 
muscles ; there  is  a considerable  difference  in  structure 
between  voluntary  and  involuntary  muscles,  which  need 
not  be  described  here. 

There  are  a great  many  voluntary  muscles  over  which 
we  have  no  control,  but  that  is  our  fault,  and  no  fault  of 
the  muscles.  We  all  have  muscles,  for  instance,  which, 
if  we  could  use  them,  would  make  our  ears  move ; if  we 
had  exercised  those  muscles  from  childhood  we  should 
now  be  able  to  move  our  ears  at  pleasure,  and  there  are 
a number  of  people  who  can. 

The  voluntary  muscles  then  are  placed  at  the  out- 
side of  the  body,  in  its  walls  and  in  the  limbs,  on  both 
sides  of  them.  Another  function  that  they  have  to 
perform  is  to  help  to  protect  the  joints,  and  they  are  to 
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a certain  extent  a protection  to  some  other  parts  of  the 
body,  for  instance  to  some  of  the  blood-vessels. 

Muscles  that  by  contracting  bend  a part,  are  called 
flexors.  Muscles  that  by  contracting  straighten  a part, 
are  called  extensors,  so  that  the  flexors  and  extensors 
are  opposed  to  one  another.  Muscles,  when  they  move 
one  bone  round  another,  are  called  rotators.  Muscles 
which  move  a whole  limb  round  an  imaginary  line  are 
called  circumductors.  Muscles  which  bring  a limb  to- 
wards the  body  are  called  adductors.  Muscles  which 
take  a limb  away  from  the  body  are  called  abductors. 

Although  I must  tell  you  that  every  single  muscle 
has  its  own  separate  name,  yet  these  six:  names  are  suffi- 
cient for  our  purpose. 

By  muscles  we  are  enabled  to  maintain  our  bodies 
in  an  upright  position.  The  skeleton  will  not  stand 
upright,  and  a dead  body  will  not  stand  upright,  although 
the  muscles  are  there ; and  that  shows  that  the  muscles 
are  continually  being  exerted,  in  order  to  enable  us  to 
balance  ourselves. 

The  muscles  of  the  lower  limbs,  and  of  the  trunk, 
are  continually  exerting  an  opposing  influence  to  one 
another.  We  could  not  stand  upright  if  certain  of  the 
muscles  of  the  lower  limbs  and  trunk  were  not  more  or 
less  in  a state  of  contraction. 

The  large  muscles  in  the  calf  of  the  leg  are  in  a 
sufficient  state  of  contraction  to  prevent  us  falling 
forwards,  and  the  muscles  in  front  of  the  thigh  are  in  a 
sufficient  state  of  contraction  to  prevent  us  falling  back- 
wards, and  so  on  with  the  muscles  of  the  trunk. 
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So  yon  see  that  these  muscles  keep  the  body  upright 
by  being  in  a state  of  contraction,  exerting  an  opposing 
power  to  one  another,  and  in  that  way  they  manage  to 
balance  the  body.  You  can  now  see,  too,  why  we  can- 
not go  on  standing  up  always;  supposing  a dead  person, 
or  a skeleton,  could  stand  upright,*  there  would  be  no 
reason  why  we  could  not  stand  upright  for  a week. 
But  we  cannot  do  this,  because  we  could  not  support 
the  fatigue  that  these  muscles  would  have  to  undergo 
by  such  continual  contraction. 


LECTURE  II. 


THE  CIRCULATION  OF  THE  BLOOD. 

You  all  know  there  is  a fluid  in  the  body  which  we  call 
blood,  and  that  the  object  of  this  fluid  is  to  nourish  the 
tissues  of  the  body;  you  can  see,  therefore,  that  it  is  ne- 
cessary that  this  fluid  should  be  conducted  in  some  way 
or  other  to  all  parts  of  the  body,  and  this  is  done  by  means 
of  what  we  call  the  Circulatory  Apparatus,  which 
consists  of  a pump  and  pipes.  The  pump  is  the  heart , 
and  the  pipes  are  the  blood-vessels.  A person’s  heart 
is  about  the  size  of  his  closed  fist.  It  is  conical  in 
shape  (or  heart-shaped  if  you  like),  having  therefore  a 
base  and  an  apex.  It  is  situated  in  the  thorax  or  chest, 
between  the  lungs,  rather  more  on  the  left  side  than 
on  the  right.  Its  base  is  turned  upwards  towards  the 
right,  and  its  apex  is  downwards  towards  the  left.  It 
is  almost  entirely  surrounded  by  a membrane  something 
like  those  bags  of  membrane  described  as  being  inside 
the  true  joints,  a closed  bag  which  nearly  surrounds  the 
heart,  although  the  heart  is  entirely  outside  of  it. 

I want  you  to  understand  that,  because  most  of  the 
internal  organs  of  the  body  have  bags  like  this  sur- 
rounding them.  The  bag  just  referred  to,  because  it  is 
round  the  heart,  is  called  the  pericardium ; the  lower 
part  of  this  bag  is  attached  to  the  diaphragm. 
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The  heart  has  two  sides,  with  a cavity  on  each  side, 
and  the  two  sides  do  not  commnnicate  with  one  another 
directly ; they  are  completely  separated  by  a partition 
that  passes  down  from  the  base  to  the  apex,  and  is 
called  the  septum.  The  walls  of  the  heart  and  this  par- 
tition are  all  made  of  muscle,  but  it  is  a muscle  over 
which  we  have  no  control  by  means  of  the  will,  and  it 
is  therefore,  unlike  the  muscles  of  the  limbs,  an  invol- 
untary muscle.  . 

The  walls,  then,  and  the  partition,  are  all  made  of 
muscular  tissue,  and  the  partition  divides  the  cavity 
of  the  heart  completely  into  two,  one  on  the  right  side 
and  one  on  the  left ; each  of  these  is  subdivided  into 
two  cavities,  which  do  communicate  with  one  another. 
The  upper  cavities  are  called  auricles,  because  they  have 
little  appendages,  which  look  like  ears,  belonging  to  them. 
Two  auricles  then — the  right  auricle  and  the  left  auricle. 
The  lower  cavities,  which  communicate  with  the  upper 
ones,  are  called  ventricles — the  right  ventricle  and  the 
left  ventricle. 

Between  these  cavities,  on  each  side,  there  are  flaps 
of  membrane,  between  the  right  auricle  and  the  right 
ventricle,  and  between  the  left  auricle  and  the  left  ven- 
tricle— flaps  of  membrane  which  are  continuations  of  the 
membrane  which  lines  the  interior  of  these  cavities — 
just  as  there  is  a membrane  outside  the  heart,  so  there 
is  a membrane  lining  the  interior.  This  is  called  the 
endocardium. 

The  flaps  of  membrane  we  call  valves.  On  the 
right  side,  between  the  right  auricle  and  the  right  ven- 
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tricle,  there  are  three  flaps,  and  the  valve  on  that  side 
goes  by  the  name  of  the  tricuspid,  or  three-pointed  valve. 

On  the  left  side  there  are  only  two  such  flaps  of 
membrane,  and  they  go  by  the  name  of  the  bicuspid 
valve,  sometimes  called  the  mitral  valve,  because  it  is 
similar  in  shape  to  a bishop’s  mitre.  These  flaps  hang 
downwards  into  the  ventricles,  and  are  fastened  by  means 
of  fine  tendinous  cords  to  little  muscular  projections 
from  the  walls  of  the  ventricles. 

Into  the  auricles,  on  each  side,  there  open  large  blood- 
vessels. Into  the  right  auricle  two  large  blood-vessels 
open.  They  are  called  large  veins.  I will  tell  you  why 
by  and  by.  Into  the  left  auricle  four  veins  open,  and 
at  the  openings  of  these  vessels  into  the  auricles  there 
are  no  valves, — they  open  straight  into  the  cavities  of 
the  auricles. 

From  each  ventricle  there  rises  a large  vessel,  which 
in  each  case  is  called  an  artery.  The  vessel  that  rises 
from  the  left  ventricle  is  called  the  aorta,  or  great  artery 
of  the  body.  The  vessel  that  rises  from  the  right  ven- 
tricle is  the  artery  which  goes  to  the  lungs,  and  is  called 
the  pulmonary  artery  for  that  reason. 

At  the  beginning  of  both  these  vessels  there  are 
three  little  pouches  of  membrane  placed  round  the 
vessel.  The  interior  of  these  pouches  looks  up  into  the 
vessel,  and  they  are  called  the  semilunar  (half- moon- 
shaped) valves,  from  their  shape. 

We  will  now  pass  on  to  the  consideration  of  the 
action  of  the  heart,  and  of  the  tubes  that  are  connected 
with  it.  Suppose  we  begin  with  the  left  ventricle.  When 


CIRCULATION. 


29 


the  left  ventricle  is  full  of  blood  the  muscular  walls  of 
that  ventricle  contract  and  squeeze  the  blood  that  is 
in  it  against  the  flaps  of  membrane  that  hang  down  from 
the  auricle,  forming  the  bicuspid  or  mitral  valve,  which 
are  so  tied  down  that  they  cannot  be  turned  inside 
out,  and  the  pressure  of  blood  on  those  flaps  closes 
them  like  a floodgate,  so  that  the  blood  cannot  go 
from  the  ventricle  into  the  auricle;  but  it  is  forced 
also  against  the  little  pouches  of  membrane  or  valves 
at  the  beginning  of  the  great  artery  of  the  body,  which 
is  called  the  aorta ; so  that  the  pressure  of  blood  on  the 
under  side  presses  them  against  the  walls  of  the  aorta, 
and  as  the  ventricle  contracts  it  squeezes  the  blood  past 
those  little  valves  into  the  aorta.  This  is  a strong 
tube,  with  very  elastic  walls.  In  its  walls  there  is  a 
great  deal  of  what  we  call  elastic  tissue.  It  is  full  of 
blood  already,  and  when  the  ventricle  squeezes  three 
ounces  more  into  it,  of  course  the  walls  of  this  elastic  tube 
are  bulged  out.  As  soon  as  the  ventricle  has  emptied 
itself  it  finishes  contracting,  and  its  walls  begin  to  relax; 
then  the  elastic  walls  of  the  aorta  recoil  upon  the  blood 
and  squeeze  it;  and  as  when  any  pressure  is  exerted 
upon  a fluid,  it  presses  equally  in  all  directions,  so 
the  blood  is  pressed  both  ways,  and  is  forced  back 
against  these  little  flaps  of  membrane  at  the  beginning 
of  the  artery,  pressing  them  all  against  one  another, 
so  that  the  force  of  the  blood  backwards  towards  the 
heart  by  the  recoil  of  the  elastic  walls  of  the  artery 
closes  those  little  valves ; the  blood  then  cannot  go 
back  into  the  heart,  and  so  the  pressure  caused  by 
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the  recoil  of  the  artery  drives  it  forwards  into  another 
part  of  the  artery  and  bulges  that,  and  then  that  in  its 
turn  recoils  and  presses  upon  the  blood,  hut  as  there 
is  sufficient  blood  behind  it  to  resist  the  pressure,  it  must 
go  forward,  and  it  continually  goes  forward  like  a wave. 

This  artery,  the  great  aorta,  gives  off  branches.  The 
first  branches  that  it  gives  off  are  two  small  branches  a 
little  above  the  semilunar  valves,  and  these  go  into  the 
substance  of  the  heart.  They  are  called  the  coronary 
arteries,  and  the  blood  which  goes  through  these  two 
little  branches  into  the  walls  of  the  heart  nourishes  the 
walls  themselves.  Then  the  aorta  turns  round,  forming 
an  arch,  and  gives  off  branches  to  the  head  and  arms. 
You  will  recognise  the  name  of  the  branches  to  the  head, 
viz.  the  carotid  arteries.  Then  it  goes  down  through 
the  chest  close  to  the  vertebral  column,  giving  off 
branches  as  it  goes  to  the  chest-walls,  etc.,  and  passes 
through  a hole  in  the  diaphragm  into  the  abdomen, 
giving  off  branches  to  the  different  organs  in  the  abdo- 
men; lastly,  it  subdivides  into  two  branches,  one  for 
each  lower  limb.  Its  branches  go  on  giving  off 
smaller  branches  the  farther  they  go,  so  that  from  that 
great  artery  branches  go  to  all  parts  of  the  body.  This 
is  the  artery  which  starts  from  the  left  lower  cavity 
of  the  heart. 

These  branches  become  finer  and  finer,  and  when 
they  become  very  fine  they  have  a considerable  quantity 
of  muscular  tissue  in  their  walls,  and  this  is  involuntary 
muscular  tissue  ; they  end  in  still  finer  tubes  of  what  we 
call  structureless  membrane,  which,  because  of  their  ex- 
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ceeding  fineness,  are  named  capillary  vessels,  from  a word 
meaning  a liair,  though  they  are  much  finer  than  a hair. 

The  blood  then  is  pumped  into  the  great  aorta,  and, 
by  contrivances  already  explained,  forms  a kind  of  wave 
which  goes  on  and  extends  the  different  pieces  of  artery 
on  its  way,  each  piece  of  artery  recoiling  upon  it  and 
pushing  it  farther,  and  it  goes  on  right  into  the  very 
small  arteries.  W e can  actually  detect  that  wave  in  some 
places,  as  in  the  wrist,  where  we  are  able  to  feel  the 
pulse,  which  is  caused  by  the  wave  we  have  just  been 
describing. 

When  the  blood  passes  through  the  smallest  arteries, 
and  is  squeezed  by  their  muscular  walls  into  the  capillary 
vessels,  this  wave  is  lost,  and  through  these  it  travels  at 
a perfectly  uniform  rate.  Now  there  are  several  reasons 
for  that.  One  reason  is,  that  the  farther  you  go  from 
the  heart  the  greater  the  sectional  area  of  all  the  arteries 
becomes ; the  smaller  the  arteries  get  the  more  there  are, 
and  they  are  immensely  out  of  proportion  to  the  size  of 
the  artery  at  its  beginning,  so  that  if  you  take  all  the 
small  arteries  at  a certain  distance  from  the  heart  their 
area  is  very  much  larger  than  the  arch  of  the  aorta  as  it 
leaves  the  heart,  so  that  the  blood  that  is  started  through  . 
this  large  artery  very  fast  must  go  very  slowly  when  it 
comes  to  the  small  ones,  and  consequently  when  it  reaches 
the  capillary  vessels  it  goes  quite  slowly  and  uniformly, 
and  you  can  tell  how  it  is  that  though  this  artery  is 
filled  with  blood  by  jerks  of  three  ounces  of  blood  at  a 
time,  when  it  reaches  the  capillary  vessels  it  should  run 
uniformly  and  slowly ; because,  suppose  you  had  a large 
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cistern  with  a small  tap  in  the  bottom  of  it,  and  you 
filled  this  cistern  with  water  by  throwing  in  buckets  of 
water  at  the  rate  of  one  every  half  minute,  and  turned 
the  tap  on,  you  would  he  throwing  in  water  just  in  the 
same  kind  of  way  as  the  blood  is  pumped  by  the  heart, 
hut  the  water  would  go  on  running  at  the  tap  in  a con- 
tinuous stream,  just  as  the  blood  flows  through  the 
capillaries,  and  not  in  jerks. 

These  capillaries  in  the  different  tissues  of  the  body 
run  together  and  form  little  vessels  which  we  call 
veins.  These  little  vessels  have  very  thin  walls,  not 
strong,  with  little  muscular  tissue  in  them ; they  run 
on  together  and  form  larger  veins;  these  join  one 
another,  and  so  on.  Now  whereas  in  the  arteries  there 
were  no  valves  at  all  after  those  valves  just  at  the 
beginning  of  the  great  aorta,  there  are  throughout  the 
veins  little  flaps  of  membrane  sticking  out  from  then 
walls,  and  sticking  out  in  such  a way  that  blood  can 
pass  between  them  from  the  capillaries,  but  whenever 
any  blood  is  forced  back  again  towards  the  capillaries 
these  flaps  are  so  constructed  that  they  close  up  the 
passage  ; so  that  the  blood  can  only  go  one  way  in  the 
veins,  namely  from  the  capillaries  in  the  tissues  of  the 
body  towards  the  heart. 

These  veins  then  go  on  running  together,  joining  one 
another,  continually  forming  larger  veins ; these  larger 
veins  end  in  two  large  veins  called  vence  cavce,  wliich 
means  hollow  veins.  One  comes  from  all  the  lower 
part  of  the  body,  and  is  called  the  vena  cava  inferior, 
and  the  other  comes  from  the  upper  part  of  the  body, 
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the  head,  the  arms,  etc.,  and  is  called  the  vena  cava 
superior;  these  two  large  veins  enter  into  the  right 
auricle  of  the  heart,  having  no  valves  at  their  entrance 
into  it. 

The  blood  that  has  been  pumped  from  the  left 
ventricle  goes  on  therefore  through  the  veins,  passing 
the  valves,  until  it  gets  by  one  or  other  of  the  two  great 
veins  into  the  right  auricle  of  the  heart;  it  goes  on  through 
the  valves  which  we  call  the  tricuspid  valves,  simply 
because  there  is  no  reason  why  it  should  not,  they  offer 
no  resistance  to  it,  and  the  ventricle  is  at  the  time  empty, 
so  the  blood  flows  on  into  the  right  ventricle. 

Before  I go  on  I must  mention  that  there  is  an- 
other vessel  that  enters  into  this  right  auricle,  and  that 
is  the  vein  that  brings  back  the  blood  from  the  sub- 
stance of  the  heart.  The  two  coronary  arteries  which 
go  into  the  walls  of  the  heart  end  in  capillaries  which 
form  veins,  ultimately  joining  in  the  coronary  vein, 
which  enters  the  right  auricle  by  itself,  and  is  protected 
by  a valve. 

So  that  where  the  large  veins  open  into  the  auricle 
there  are  no  valves,  and  the  blood  flows  on  through  the 
auricle  into  the  ventricle  and  gradually  fills  it ; when  it 
has  got  nearly  full,  the  walls  of  the  auricle,  which  are 
muscular  walls  though  very  thin,  contract  upon  the 
remainder  of  the  blood  in  the  auricle  and  press  it  equally 
in  all  directions,  against  the  blood  in  the  veins  to  a cer- 
tain extent,  because  there  are  no  valves  at  the  entrance 
of  the  veins,  and  on  past  the  tricuspid  valves  into  the 
ventricle,  filling  the  latter  and  floating  up  the  valves. 
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As  soon  as  that  happens  the  walls  of  the  right  ven- 
tricle contract,  which  is  just  what  happened  on  the  left 
side,  thus  pressing  the  blood  against  the  valves,  which 
are  at  the  beginning  of  the  large  artery  that  leaves  the 
right  ventricle  (which  is,  as  I have  already  explained, 
the  artery  that  goes  to  the  lungs,  called  the  pulmonary 
artery),  and  opening  them,  so  the  blood  is  forced  out  of 
the  right  ventricle  into  this  pulmonary  artery,  and  then 
takes  place  exactly  what  has  been  before  described;  the 
artery  is  bulged  out  when  the  blood  is  forced  into  it ; it 
recoils  and  forces  it  against  the  valves,  and  shuts  them, 
and  so  forces  the  blood  on  through  the  branches  of  the 
pulmonary  artery,  which  divides  into  two,  one  to  the 
right,  and  one  to  the  left  lung ; in  the  lungs  they  sub- 
divide into  smaller  arteries,  and  ultimately  end  in  capil- 
lary vessels  in  the  same  way  as  the  arteries  do  in  the 
tissues  of  the  rest  of  the  body ; those  capillary  vessels 
run  together  and  form  veins ; these  veins  run  on,  and 
form  four  large  veins,  two  for  each  lung,  which,  leaving 
the  lungs,  go  into  the  left  auricle  of  the  heart ; this  left 
auricle  of  the  heart  is  filled,  and  the  blood  flows  from 
the  left  auricle  through  the  bicuspid  or  mitral  valve  into 
the  left  ventricle,  just  in  the  same  way  as  the  blood 
flowed  from  the  right  auricle  through  the  tricuspid  valve 
into  the  right  ventricle. 

And  now  you  see  why  it  is  called  the  circulation  of 
the  blood.  You  can  start  from  one  cavity  of  the  heart, 
and  follow  the  blood  in  its  course  right  round,  until  you 
get  into  that  cavity  of  the  heart  again,  although  the  two 
sides  of  the  heart  do  not  communicate  with  one  another 
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in  any  way  except  through  this  system  of  tubes.  You 
can  see  already,  from  what  has  been  described,  that 
there  are  really  two  circulations  ; there  is  the  circulation 
of  blood  from  the  left  ventricle,  through  the  aorta  and  its 
branches  to  the  different  tissues  of  the  body,  through 
the  capillaries  of  those  tissues  into  the  veins,  through 
the  veins  hack  again  to  the  heart,  viz.  to  the  right 
auricle  ; that  is  called  the  greater  circulation,  or 
systemic  circulation,  because  it  is  that  of  the  general 
system.  And  there  is  the  circulation  from  the  right 
ventricle  through  the  pulmonary  artery  and  its  branches, 
through  the  capillaries  in  the  lungs  into  the  veins  of  the 
lungs,  which  are  called  the  pulmonary  veins,  and  back 
to  the  heart  again,  viz.  to  the  left  auricle,  and  this 
is  called  the  lesser  or  pulmonary  circulation.  The  blood 
in  the  greater  circulation  starts  from  the  left,  and  flows 
back  to  the  right  side  of  the  heart,  and  that  in  the 
lesser,  or  pulmonary  circulation,  starts  from  the  right, 
and  flows  back  through  the  lungs  to  the  left  side  of 
the  heart. 

There  is  much  more  blood  in  the  greater  than  in  the 
lesser  circulation,  and,  on  the  other  hand,  the  blood  travels 
much  faster  in  the  lesser — about  five  times  as  fast. 

Another  thing  that  I wish  to  impress  upon  you  is 
this ; the  blood  leaving  the  heart  by  the  great  aorta 
travels  at  about  the  rate  of  a foot  in  a second,  but  when 
it  gets  into  the  capillaries,  it  travels  at  the  rate  of  only 
an  inch  in  a minute,  so  that  it  travels  slower  and  slower 

the  farther  it  goes  ; and  the  rate  becomes  more  and  more 
uniform. 
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You  will,  perhaps,  have  thought  by  this  description 
that  the  contraction  of  the  auricles  and  ventricles  of  the 
two  sides  of  the  heart  follow  one  another  like  one,  two, 
three,  four,  hut  this  is  not  so.  When  the  left  ventricle 
is  contracting,  and  driving  the  blood  into  the  great  aorta, 
at  that  same  time  the  right  ventricle  is  contracting  and 
driving  the  blood  into  the  lungs,  so  that  the  two  are 
contracting  at  one  and  the  same  time.  When  the  two 
ventricles  have  done  contracting,  and  are  resting  or 
dilating,  they  are  doing  it  at  the  same  time.  When  the 
blood  is  running  from  those  two  great  veins  through  the 
right  auricle,  and  gradually  filling  the  right  ventricle, 
the  blood  is  at  the  same  time  running  from  the  lungs 
through  the  four  pulmonary  veins  into  the  left  auricle 
and  from  that  into  the  left  ventricle,  so  that  the  two 
sides  of  the  heart  are  doing  their  work  at  the  same  time, 
the  two  auricles  are  filling  at  the  same  time,  and  con- 
tracting at  the  same  time ; the  two  ventricles  are  filling 
at  the  same  time,  and  contracting  at  the  same  time. 

The  period  of  action,  and  the  period  of  rest,  are 
about  equal,  so  that  although  the  heart  beats,  say  seventy 
times  a minute,  it  has  just  that  same  amount  of  rest 

half  that  minute  it  is  contracting,  and  the  other  half 

it  is  at  rest,  and  that  is  when  the  heart  gets  its  rest. 

When  the  ventricles  of  the  heart  contract  they  move 
the  heart ; this  contraction  causes  a movement  of  the 
whole  heart ; the  base  of  the  heart  is  more  or  less  fixed 
in  its  position  by  means  of  those  great  vessels  that  leave 
it ; the  apex  of  the  heart,  on  the  other  hand,  is  free ; 
when  the  walls  of  the  ventricle  contract,  the  apex  of 
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the  heart  is  tilted,  and  it  butts  against  the  chest- walls 
between  the  fifth  and  sixth  ribs,  thus  causing  what  is 
known  as  the  beating  of  the  heart. 

There  are  other  physical  signs  produced  by  the 
action  of  the  heart  besides  this  beating,  and  these  are 
certain  sounds  that  the  heart  produces  when  it  is  in 
action — two  sounds,  called  the  first  and  second  sounds 
of  the  heart. 

The  first  sound  is  long  and  dull,  and  the  second, 
which  succeeds  it  immediately,  is  a short  sharp  sound ; 
they  are  represented  by  the  sounds  produced  in  the  pro- 
nunciation of  the  words  rub,  dub,  the  second  one  being 
said  very  sharply.  These  sounds  can  be  heard  by 
placing  the  ear  against  the  chest- walls  of  a person. 

The  first  sound  probably  has  several  causes;  the 
most  efficient  cause  is  the  action  of  contraction  in  the 
muscular  walls  of  the  ventricle;  the  second  sound  is 
certainly  produced  by  the  sharp  closing  of  the  semi- 
lunar valves,  after  the  blood  is  forced  into  the  arteries. 
After  the  blood  has  been  forced  into  these  arteries  they 
recoil  on  it,  and  force  it  so  sharply  against  those  semi- 
lunar valves,  that  they  come  together  with  a click. 

Now,  it  is  by  means  of  the  alterations  in  these 
sounds  of  the  heart  that  physicians  are  often  able  to  tell 
whether  there  is  heart  disease,  and  to  distinguish 
between  various  heart  diseases. 

I meant  to  point  out  to  you  that  it  is  not  necessary 
for  the  left  ventricle  of  the  heart  to  be  strong  enough, 
as  was  long  thought,  to  force  the  blood,  not  only  through 
the  arteries,  and  through  the  capillaries  of  the  tissues,  but 
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also  back  again  through  the  veins  to  the  heart.  You  will 
see  at  once  that  this  is  not  necessary,  for  you  know  that 
liquids  always  find  their  own  level.  If  you  had  two 
vessels  containing  a liquid  and  communicating  with 
one  another,  no  matter  what  their  size,  the  liquid  would 
stand  at  the  same  height  in  both,  and  so  it  is  with  the 
blood-vessels  in  the  body. 

When  the  heart  has  driven  the  blood  through  the 
arteries,  and  through  the  capillaries,  there  is  a column 
of  blood  in  the  arteries  and  capillaries  supporting  the 
blood  in  the  veins  up  to  the  heart ; and  the  fact  that  the 
veins  are  three  times  the  size  of  the  arteries  does  not 
make  any  difference ; the  height  of  the  column  of  blood 
is  the  same.  What  the  ventricle  has  to  do  is  to  force 
the  blood  through  the  arteries,  and  through  the  capil- 
laries, and  then  the  mere  properties  of  a fluid  will  do 
the  rest. 

You  will  see  at  once  that  the  ventricles  have  a great 
deal  more  to  do  than  the  auricles ; the  two  ventricles 
have  to  drive  the  blood  through  considerable  distances, 
and  through  an  immense  quantity  of  extremely  fine 
tubes,  with  a great  amount  of  resistance ; the  tw  o auri- 
cles have  nothing  to  do  but  to  take  the  blood  as  it 
comes  in  by  the  veins,  and  let  it  run  on  through  the 
valves,  which  offer  no  resistance,  and  just  at  the  last  to 
give  a little  squeeze;  this  is  why  the  walls  of  the 
two  auricles  are  very  thin,  and  the  walls  of  the  two 
ventricles  very  thick,  strong,  and  muscular.  You  will 
see  at  once,  that  as  the  left  ventricle  has  to  force  the 
blood  through  the  aorta,  and  all  over  the  body,  through 
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myriads  of  capillary  vessels  in  all  parts  of  the  body,  and 
at  such  distances,  its  walls  must  be  very  thick  indeed, 
and  they  are  much  thicker  than  the  walls  of  the  right 
ventricle,  which  has  not  to  force  the  blood  nearly  so  far. 

There  is  a remarkable  exception  to  all  this.  The 

blood  that  goes  from  the  great  aorta  or  great  artery  to 

certain  organs  in  the  abdomen,  viz.,  to  the  stomach,  to 

* 

the  intestines,  to  the  pancreas  or  sweetbread,  and  to  the 
spleen,  goes  from  the  great  artery  of  the  body  by  means 
of  small  arteries,  just  as  the  blood  that  goes  to  the 
hands  or  feet  does,  and  flows  in  capillaries  in  the  walls 
of  those  organs.  These  capillaries  run  together,  and 
form  veins  just  in  the  same  way  as  the  capillaries  in  the 
hands  or  feet  do,  but  these  veins  do  not  go  into  the  great 
vena  cava  inferior,  into  which  all  the  rest  of  the  blood 
from  the  lower  part  of  the  body  goes ; they  run  together, 
and  form  one  large  vein,  which  goes  by  the  name  of  the 
portal  vein ; this  does  not  go  straight  into  the  vena  cava 
inferior,  but  does  a very  remarkable  thing ; it  goes  into 
the  liver,  and  in  the  liver  it  divides  up  into  branches, 
like  an  artery.  It  is  the  only  large  vein  in  the  body 
which  does  any  such  thing ; it  goes  into  the  liver  to- 
gether with  the  proper  artery  of  the  liver,  which  also 
divides  up  into  branches,  and  these  two  sets  of  branches 
run  together  and  end  in  one  and  the  same  set  of  capil- 
laries. 

These  capillaries  run  together  and  form  a large  vein, 
which  leaves  the  liver,  and  runs  into  the  vena  cava 
inferior.  That  circulation  of  the  blood  from  the  stomach, 
intestines,  pancreas,  and  spleen,  through  the  liver,  goes 
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by  the  name  of  the  portal  circulation.  One  of  the  most 
remarkable  things  in  the  bodies  of  animals  is  this  large 
vein,  which  divides  like  an  artery. 

Remember  that  an  artery  is  a vessel  in  which  blood 
is  going  from  the  heart;  a vein  is  a vessel  in  which 
blood  is  going  towards  the  heart. 

What  is  the  shortest  course  that  a particle  of  blood 
can  take  in  the  human  body?  A good  many  of 
you  might  probably  say  it  is  to  go  through  the  lesser 
circulation  from  the  right  ventricle  through  the  lungs,  and 
to  the  left  auricle,  but  no,  it  is  not  so  by  any  means ; the 
shortest  course  is  to  go  from  the  left  ventricle  of  the 
heart,  then  through  one  of  those  little  arteries  that  go 
into  the  heart  itself,  into  the  capillary  vessels  in  the 
walls  of  the  heart,  through  these  capillary  vessels  into 
the  veins  of  the  walls  of  the  heart,  and  through  the 
veins  into  the  little  vein,  which  empties  from  the  walls 
of  the  heart  into  the  right  auricle ; that  is  a part  of  the 
greater  circulation,  but  is  entirely  confined  to  the  walls 
of  the  heart. 

The  course  that  a particle  of  blood  must  take  in  the 
human  body  so  as  to  pass  through  the  greatest  length  of 
capillaries  is  to  go  through  the  great  aorta  and  into  the 
capillary  vessels  of  one  of  those  special  organs  men- 
tioned in  the  abdomen,  e.g.  the  stomach,  through  the 
capillaries  and  into  the  veins  of  that  organ,  and  so  into 
the  portal  vein ; through  the  branches  of  the  portal  vein 
in  the  liver  into  the  capillaries  of  the  liver,  thence  into 
the  vein  which  leaves  the  liver  to  join  the  vena  cava 
inferior,  and  so  to  the  right  auricle  of  the  heart. 


CIRCULATION. 


41 


A few  words  about  this  fluid  called  the  blood. 

The  blood  is  a fluid  which  consists  of  water  con- 
taining certain  substances  in  it.  Some  of  these  sub- 
stances are  suspended  in  it,  as  particles  of  chalk  or 
of  vermilion  may  be  suspended  in  water,  and  some  are 
dissolved  in  it  just  as  salt  or  sugar  can  be  dissolved 
in  water. 

In  a hundred  parts  of  blood  there  are  twenty-one 
parts  of  solid  matters  to  seventy-nine  of  water.  Now 
the  solid  matters  suspended  in  the  blood  are  of  very 
great  importance,  and  the  first  important  matters  are  the 
little  bodies  which  we  call  corpuscles  (meaning  little 
bodies).  These  corpuscles  are  of  two  kinds,  those  that 
are  more  numerous  are  the  red  ones ; they  are  little 
disc-shaped  bodies  of  what  may  be  called  a semi-solid 
substance,  of  the  consistency  of  jelly ; they  are  just 
like  little  gun  pellets,  rounded  at  the  edges,  and  com- 
pressed in  the  centre.  These  red  corpuscles  are  the 
things  which  give  the  blood  its  colour.  The  liquid  part 
of  the  blood  is  not  red  at  all,  but  is  of  a pale  straw 
colour,  almost  colourless.  There  are  so  many  red  cor- 
puscles in  it  that  it  is  just  like  a little  water  with  a lot 
of  powdered  vermilion  in  it;  the  water  itself  is  not 
red,  but  the  vermilion  is  red,  and  so  it  is  with  the 
blood,  the  corpuscles  are  red,  the  liquid  part  is  colour- 
less. 

Now  you  must  fancy  from  that  that  there  must  be 
a great  many  of  them,  and  that  they  must  be  very 
small;  they  are  about  the  3200th  part  of  an  inch 
across ; 3200  would  lie  along  an  inch.  That,  however, 
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does  not  give  you  much  idea  of  their  size.  I will  give 
you  a better  idea,  not  so  much  of  their  size  as  of  the 
number  of  them  that  are  in  the  blood.  Suppose  I take 
a cubic  inch  of  blood,  how  many  do  you  think  there 
would  he  in  it?  there  would  be  seventy  thousand 
millions — that  seems  very  astonishing,  but  still  it  does 
not  give  you  the  least  idea  how  many  there  are. 
I will  give  you  an  idea  in  this  way.  Suppose 
that  you  were  to  begin  counting,  and  go  on  day  and 
night  without  any  intermission,  and  that  you  were  to 
count  one  hundred  a minute,  it  would  take  you,  making 
allowance  for  leap  years,  just  1331  years  to  count  the 
red  corpuscles  in  one  cubic  inch  of  blood ; so  that  if 
William  the  Conqueror  had  begun  counting  when  he 
came  over  to  England,  and  had  gone  on  day  and  night 
at  that  rate,  he  would  not  now  have  got  through  two- 
thirds  of  the  number  contained  in  a cubic  inch  of  blood. 

Besides  these  there  is  another  lot  of  corpuscles 
called  white  corpuscles,  which  are  larger  than  the  red 
corpuscles,  and  are  irregular  in  shape;  they  have  a 
peculiarity  in  that  they  have  one  or  more  smaller  bodies 
inside  them,  and  I may  tell  you  that  it  is  generally 
believed  that  the  red  ones  are  developed  from  these 
small  bodies  that  are  inside  the  white  ones.  They  are 
not  nearly  so  numerous  as  the  red  corpuscles,  hut  in  the 
proportion  of  something  like  three  or  four  to  1000  led 
ones.  Where  they  come  from  we  shall  see  hereafter. 

The  blood  when  it  is  run  out  of  the  blood-vessels 
does  not  remain  liquid,  but  a thick  clot  forms  in  it , 
this  is  called  coagulation  of  the  blood  ; the  importance  of 
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it  to  us  is  that  when  cut  or  abraded  surfaces  bleed, 
clots  form,  and  plug  up  the  cut  ends  of  the  capillary 
vessels,  so  helping  to  stop  the  bleeding. 

There  is  another  set  of  vessels  in  the  body  besides 
the  blood-vessels,  and  these  vessels  do  not  form  a closed 
circulatory  system  of  tubes  like  the  blood-vessels.  They 
begin  almost  everywhere  in  the  tissues  of  the  body  as 
thin  fine  vessels,  and  they  run  together  into  solid-look- 
ing bodies  that  are  called  glands.  These  vessels  contain 
a fluid  called  lymph,  because  it  is  like  water,  and 
the  vessels  themselves,  because  they  contain  this  fluid, 
are  called  lymphatic  vessels,  and  the  glands  lymphatic 
glands. 

These  glands  are  more  numerous  in  some  parts  of 
the  body  than  in  others ; there  are  a great  many  about 
the  intestines,  and  a good  many  in  the  neck  and  under 
the  arms.  The  lymphatic  vessels  empty  into  cavities 
in  the  glands,  and  then  other  rather  larger  vessels 
start  away  from  the  other  side  of  these  bodies,  and  run 
on  until  they  come  to  some  more  of  them,  and  so 
these  glands  are  joined  together  by  the  lymphatic  vessels 
running  from  one  to  the  other.  They  are  like  veins  in 
that  they  have  valves  in  them,  which  only  allow  the 
fluid  to  go  one  way,  viz.  from  the  smaller  vessels  towards 
t.  e larger  ones.  The  lymphatics  from  the  lower  part  of 
the  body  all  run  together  into  a receptacle  placed  against 
the  bodies  of  the  lumbar  vertebrae.  This  receptacle  goes 
by  the  name  of  the  receptacle  of  the  chyle  ; it  is  connected 
with  a tube  about  the  size  of  a goose  quill  running 
up  close  to  the  left  side  of  the  bodies  of  the  dorsal 
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vertebrae  into  the  neck,  and  emptying  itself  into  the 
junction  of  the  vein  from  the  left  arm  and  the  great 
vein  from  the  left  side  of  the  head  (called  the  jugular 
vein),  and  where  it  empties  itself  into  the  veins  there  is 
a valve,  which  is  so  arranged  that  no  blood  can  go  out 
of  the  veins  into  this  tube,  which  is  called  the  thoracic 
duct,  but  the  fluid  that  is  in  that  duct  can  go  into  the 
blood  that  is  in  the  veins — that  is  the  course  of  the 
lymphatic  vessels  of  the  lower  part  of  the  body,  and  of 
the  left  side  of  the  chest  and  head  and  left  arm.  But 
the  lymphatics  of  the  right  arm  and  right  side  of  the 
head  and  neck,  and  the  upper  part  of  the  right  side  of 
the  chest,  do  not  go  into  the  thoracic  duct  at  all,  but 
empty  themselves  into  the  veins  in  a corresponding  place 
on  the  other  side ; so  that  ultimately  all  the  lymph  that 
comes  from  all  the  tissues  of  the  body  gets  into  the  great 
veins  which  run  into  the  upper  vena  cava,  and  so  into 
the  right  auricle  of  the  heart. 

Now  the  lymphatics  of  the  small  intestines  have, 
especially  after  the  digestion  of  food,  a fluid  in  them 
which  is  not  like  water ; but,  on  the  contrary,  it  is  white 
like  milk,  and  for  the  same  reason  that  milk  is  white, 
namely,  that  it  has  a great  quantity  of  fat  suspended 
in  it ; this  white  fluid  goes  by  the  name  of  chyle,  and 
the  lymphatics  of  the  small  intestines,  because  they 
contain  this  milky  fluid,  are  called  the  ladeals,  though 
they  do  not  differ  from  the  lymphatics  in  any  other  part 
of  the  body,  except  that  they  contain  this  white  chyle, 
and  they  of  course  go  through  a series  of  glands  into  the 
receptacle  of  chyle,  and  so  the  old  anatomists  called 
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that  vessel  the  receptacle  of  the  chyle,  although  it  also 
receives  the  lymph  from  the  greater  part  of  the  body. 

The  lymph  in  the  lymphatic  vessels  is  a watery  fluid 
containing  a certain  small  quantity  of  solid  matter  in 
solution;  the  chyle  is  a milky  fluid  something  like 
lymph,  only  containing  a large  quantity  of  fat  in  sus- 
pension, and  rather  more  solid  matter  in  solution,  and 
both  of  these  fluids,  like  the  blood,  are  capable  of  forming 
clots  under  certain  circumstances.  Both  in  the  lymph 
and  in  the  chyle  there  are  corpuscles  exactly  like  the 
white  corpuscles  of  the  blood,  and  these  two  fluids  are 
continually  going  into  the  blood,  so  that  there  is  no  doubt 
that  the  white  corpuscles  in  the  blood  are  identical  with 
the  white  corpuscles  in  the  lymph  and  chyle.  There  is 
very  little  doubt  that  the  lymphatic  glands  through  which 
these  fluids  go,  together  with  some  other  bodies  about 
which  I shall  speak  farther  on,  have  the  manufacture 
of  the  white  corpuscles  of  the  blood  for  their  office. 

Before  leaving  this,  let  us  consider  of  what  the 
blood  in  the  right  side  of  the  heart  consists,  and  where 
it  comes  from.  I have  described  all  the  places  that 
it  comes  from  but  one,  and  I will  tell  you  of  that  one 
as  we  go  on.  This  is  the  blood  that  goes  into  the 
right  auricle  of  the  heart,  through  the  two  great  veins, 
from  all  the  parts  of  the  body.  Suppose  we  take  these 
two  veins  one  at  a time.  The  blood  that  comes  in  by 
the  vena  cava  inferior  is  the  blood  from  the  lower  part 
of  the  body.  It  contains  the  blood  that  has  gone  through 
the  portal  circulation  in  the  liver,  and  has  undergone 
very  remarkable  changes.  Most  of  this  blood  has  come 
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from,  the  digestive  organs.  It  contains  also  the  blood 
not  yet  mentioned,  viz.  that  which  comes  from  the 
kidneys,  which  has  undergone  certain  important  changes 
in  the  kidneys.  That  is  what  the  inferior  vena  cava 
brings  into  the  heart.  The  superior  vena  cava  brings 
the  blood  from  the  upper  part  of  the  body,  the  lymph 
that  has  come  in  by  the  thoracic  duct  on  the  left  side, 
and  lymphatic  ducts,  on  the  right  side,  and  the  chyle 
which  has  come  from  the  lacteals  through  the  thoracic 
duct.  So  you  see  that  the  right  side  of  the  heart  con- 
tains a very  curious  and  complex  mixture. 
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RESPIRATION. 

We  will  now  consider  the  apparatus  by  means  of  which 
we  breathe,  the  way  in  which  that  apparatus  works, 
and  the  result  of  that  working. 

The  principal  organs  that  are  used  in  breathing  go  by 
the  name  of  the  respiratory  tract.  This  begins  with  the 
nostrils,  passes  along  through  the  lower  part  of  the  cavities 
of  the  nose,  on  each  side  of  the  partition  or  septum , as 
it  is  called,  over  the  hard  and  soft  palate  of  the  mouth, 
into  a cavity  which  we  call  the  pharynx,  situated  behind 
the.  mouth,  opening  into  this  cavity  by  two  apertures 
called  the  posterior  nostrils ; then  it  passes  on  through 
the  pharynx,  down  into  a box  made  of  cartilage  or 
gristle  in  the  front  of  the  throat,  which  we  call  the 
larynx,  and  in  which  box  the  voice  is  formed ; it  passes 
through  an  opening  in  that  box,  called  the  glottis, 
between  two  cords,  called  the  vocal  cords,  into  the  trachea 
or  windpipe,  which  lies  in  the  front  part  of  the  neck, 
how  the  windpipe  is  a tube  which  must  be  always 
open ; it  would  not  do  if  the  windpipe  were  closed,  even 
for  a short  time,  for  reasons  that  we  shall  soon  see, 
and  so  its  walls  are  provided  with  incomplete  rings  of 
cartilage  or  gristle,  something  like  the  letter  C,  the  ends 
being  joined  by  membrane  which  forms  the  back  part 
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of  the  windpipe,  where  it  touches  the  gullet,  down 
which  the  food  passes,  and  these  rings  being  not  complete, 
hut  joined  by  membrane,  offer  little  or  no  resistance  to 
food  passing  down  the  gullet.  This  windpipe  passes 
down  the  front  of  the  neck,  into  the  thorax  or  chest, 
and  there  divides  into  two  branches,  still  with  rings. 
These  two  branches  go  by  the  name  of  the  bronchi. 
You  will  remember  the  name,  because  it  is  from  this 
name  that  the  word  bronchitis  comes ; bronchitis  being 
inflammation  of  the  lining  membrane  of  these  tubes,  and 
each  of  these  tubes  is  called  a bronchus;  these  bronchi 
go  one  to  each  lung,  the  lungs  being  two  organs,  situated 
one  on  each  side  of  the  cavity  of  the  thorax  or  chest. 
When  each  bronchus  gets  into  the  lung,  after  gomg  a 
little  distance  in  the  structure  of  the  lung,  it  divides 
into  a great  number  of  branches.  N ow  inside  the  lung  the 
rings  do  not  remain,  but  the  tubes  require  to  be  still  wide 
open,  and  so  in  their  walls  there  are  patches  of  cartilage 
sufficiently  stiff  to  keep  the  tubes  open.  At  last  they 
become  very  fine,  and  the  stiff  cartilage  is  lost,  but 
there  is  a certain  amount  of  muscular  fibre  in  theii 
walls ; then  each  of  these  fine  tubes  has  at  its  extremity 
a large  number  of  small  bags  or  sacs  made  of  very  elastic 
membrane  sticking  out  from  its  walls ; these  are  called 
the  air-sacs  of  the  lungs,  and  are  about  one-fortieth  of 
an  inch  in  diameter. 

All  this  system  of  tubes,  beginning  with  the  nose  and 
going  down  to  the  fine  bronchi,  is  of  course  lined  with 
a form  of  the  internal  skin,  because  it  is  a system  of 
tubes  communicating  with  the  external  air. 
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The  peculiar  character  of  the  epithelial  lining  of  the 
mucous  membrane  of  the  respiratory  passages  is  that 
it  has  on  its  surface  an  enormous  number  of  very  fine 
hair-like  bodies,  called  cilice,  which  have  a property  of 
their  own  of  continually  moving,  lashing  towards  the 
outlet  of  the  respiratory  passages  in  the  nose,  and  it  is 
by  the  movement  of  these  little  cilise  that  the  respiratory 
passages  do  not  get  clogged  up  with  the  moist  secretion 
of  the  mucous  membrane. 

Such  is  a brief  description  of  the  air-passages  of  the 
lungs. 

You  will  remember  I told  you  that  the  pulmonary 
artery  which  leaves  the  right  ventricle  of  the  heart 
divides  into  two  branches,  one  of  which  goes  to  each 
lung,  and  then  subdivides  into  a very  large  number 
of  bTanches,  ending  at  last  in  very  fine  capillary  vessels 
— -just  in  the  same  way  as  the  branches  of  the  large 
artery  of  the  body  end  in  capillaries  in  tissues  of  the 
body — which  entwine  themselves  round  the  little  air- 
sacs  of  the  lungs,  and  which  are  so  near  together,  that 
the  capillaries  generally  have  an  air-sac  on  each  side  of 
them ; the  capillaries  then  run  together  and  form  little 
veins.  These  little  veins  join  and  form  larger  veins, 
which  ultimately  unite  in  two  large  veins  for  each  lung, 
the  pulmonary  veins,  and  these  run  into  the  left  auricle, 
the  upper  chamber  of  the  left  side  of  the  heart. 

The  chief  things  that  we  have  to  consider  in  the 
lungs  are  the  air-passages  and  the  blood-vessels. 

Now  the  lungs  are  contained  in  the  cavity  which  we 
call  the  thorax  or  chest.  Before  we  can  understand 
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how  the  lungs  work,  and  what  they  do,  we  must  under- 
stand the  cavity  in  which  they  are  contained,  and  the 
movements  of  the  walls  of  that  cavity.  This  cavity  has 
the  root  of  the  neck  at  its  upper  part;  the  spinal  column 
and  back  part  of  the  ribs  behind;  the  ribs,  and  the  things 
which  connect  the  ribs  at  its  sides,  and  partly  in  front ; 
the  breast-bone  and  the  cartilages  of  the  ribs,  and  the 
structures  connecting  them  in  front,  and  the  partition 
mentioned  in  the  first  chapter  as  being  between  the  thorax 
or  chest  and  the  abdomen,  which  we  called  the 


diaphragm,  below ; this  partition  is  partly  muscular,  and 
partly  tendinous;  it  rises  by  muscular  fibres  from  the 
bodies  of  the  lumbar  vertebrae ; these  go  by  the  name  of 
the  pillars  of  the  diaphragm ; they  run  upwards  from 
the  bodies  of  the  vertebrae  in  an  arched  way,  and  are 
attached  to  the  edges  of  the  lower  ribs  and  the  cartilages 
in  front,  and  to  the  lower  part  of  the  breast-bone,  so 
that  the  diaphragm  forms  a complete  partition  between 
the  thorax  or  chest  and  the  abdomen. 

I have  mentioned  that  there  are  structures  between 
the  ribs  ; the  ribs  are  connected  partly  by  fibrous 
tissue,  and  more  particularly  there  are  muscles  that 
pass  between  the  ribs,  from  one  rib  to  the  next,  and 
there  are  two  important  layers  of  muscles  that  pass 


between  the  ribs  that  are  of  great  use  in  respira- 
tion ; these  muscles,  because  they  run  between  the  ribs, 
go  by  the  name  of  intercostal.  The  outside  ones  are 
called  the  external  intercostal  muscles,  and  their  fibres 
run  from  each  rib  downwards  and  forwards  to  the  rib 
below  it ; the  inner  ones  are  called  the  internal  inter- 
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costal  muscles,  and  their  fibres  run  downwards  and 
backwards  from  each  rib  to  the  one  below  it. 

The  chest  cavity  is  entirely  enclosed  by  these  walls, 
and  is  completely  shut  off  by  them  from  the  external 
air,  so  that  there  is  no  communication  between  the 
external  air  and  the  cavity  of  the  chest  itself.  The  chest 
is  filled  by  the  organs  that  it  contains — these  organs  I 
have  mentioned  before,  the  heart  and  the  lungs.  As  the 
heart  is  surrounded  by  a serous  bag,  so  each  lung  is  sur- 
rounded, except  at  the  place  which  is  called  its  root,  which 
is  where  the  bronchus  and  the  pulmonary  artery  enter  it, 
and  the  pulmonary  veins  leave  it,  by  a serous  bag.  One 
layer  of  this  serous  bag  is  against  the  lung,  and  the 
other  layer  is  against  the  chest- wall;  this  serous  bag 
is  called  the  'pleura. 

That  is  a rough  description  of  the  organs  of  breathing, 
and  the  walls  of  the  cavity  in  which  they  are. 

How  does  this  contrivance  work  ? In  the  first  place, 
the  walls  of  this  cavity,  the  chest,  are  movable;  the 
diaphragm  is  for  the  most  part  muscle,  and  we  know 
that  muscles  are  capable  of  moving  by  contracting ; the 
sides  and  part  of  the  back,  and  part  of  the  front  of  the 
chest  are  movable,  the  walls  as  a whole  are  movable, 
because  the  ribs  are  attached  by  true  joints  to  the  spinal 
column ; so  that  the  whole  set  of  ribs  and  the  struc- 
tures which  join  them  and  the  breast-bone  can  be 
moved  as  a whole  upon  the  spinal  column. 

Now  suppose  the  diaphragm  to  contract,  what  would 
happen  ? the  muscular  fibres  of  the  diaphragm  lie  in  a 
curved  line;  if  these  fibres  contract,  they  become  shorter; 
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if  they  become  shorter,  the  distance  that  the  fibres  run 
must  be  less ; they  must  approach  more  nearly  to  a 
straight  line  between  the  two  points,  so  that  when  the 
muscular  fibres  of  the  diaphragm  contract,  the  diaphragm 
as  a whole  becomes  flatter,  and  so  the  chest  cavity  is 
made  longer  from  above  downwards. 

When  the  external  intercostal  muscles  contract  (re- 
member that  the  fibres  of  these  run  from  each  rib  down- 
wards and  forwards  to  the  next  rib)  the  distance  between 
their  points  of  attachment  must  be  made  less,  and  this 
results  in  the  raising  of  the  ribs,  thus  the  ribs,  by  the 
contraction  of  the  external  intercostal  muscles,  are 
raised  upon  the  vertebral  column,  and  so  the  breast- 
bone is  raised  and  tilted  forwards. 

The  chest  is  in  this  way  made  deeper  from  before 
backwards,  and  wider  from  side  to  side : so  that  by  the 
contraction  of  the  diaphragm  the  chest  is  made  longer 
from  above  downwards ; and  by  the  contraction  of  the 
external  layer  of  muscles  between  the  ribs,  the  chest- 
walls  are  raised,  and  the  chest  is  made  deeper  from 
before  backwards,  and  broader  from  side  to  side.  Tou 
might  say  at  once,  But,  then,  do  these  things  happen  at 
the  same  time  ? Of  course  it  might  so  happen  that  when 
the  diaphragm  contracted  these  external  muscles  should 
not  contract,  but,  on  the  contrary,  other  muscles  might 
contract  and  make  the  chest  cavity  smaller  in  other 
directions.  But  the  answer  is  this,  that  when  the 
diaphragm  contracts  and  makes  the  chest  cavity  deepei 
from  above  downwards,  at  the  same  time  the  external 
layer  of  muscles  between  the  ribs  contracts  and  makes 
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tlie  chest  wider  in  the  other  dimensions,  so  that  the  chest 
cavity  is  at  the  same  time  made  larger  in  all  directions. 

Now  the  result  is  that,  by  lifting  the  chest-walls  away 
from  the  lungs,  a certain  amount  of  pressure  has  been 
taken  off  the  lungs,  while  the  pressure  inside  remains  the 
same,  and  so  is  sufficient  to  expand  the  little  air-sacs,  and 
thus  to  inflate  the  lungs,  until  they  are  sufficiently  large 
to  fill  the  enlarged  cavity  of  the  chest ; this  process  is 
called  inspiration,  or  breathing  in. 

It  is  not  the  pressure  of  air  inside  the  lungs  that 
pushes  the  chest- walls  out. 

When  we  inspire,  the  chest-walls  are  lifted  away 
from  the  contents  of  the  chest,  and  the  cavity  of  the 
chest  is  made  larger.  The  diaphragm  contracts  and 
makes  it  larger  in  one  direction ; the  external  muscles 
between  the  ribs  make  it  larger  in  the  other  directions, 
so  that  it  is  the  chest  cavity  that  is  made  larger  first, 
and  then,  as  that  cavity  is  not  connected  with  the  ex- 
‘ ternal  air,  the  air  must  come  in  through  the  tubes  that 
lead  into  the  lungs,  and  makes  them  larger  so  as  to  fill 
the  enlarged  cavity,  and  they  are  made  larger  because 
they  are  capable  of  being  extended,  consisting,  as  they 
do  for  the  most  part,  of  little  exceedingly  elastic  bags. 

Then  when  this  has  been  done,  i.e.,  when  inspiration 
has  taken  place,  the  next  thing  that  happens  is  that 
these  little  elastic  air-bags  begin  to  collapse,  because  when 
the  diaphragm  and  the  external  intercostal  muscles  stop 
contracting,  the  ( pressure  of  the  external  air  upon  the 
walls  of  the  chest  is  no  longer  resisted  by  the  contraction, 
of  the  muscles,  so  the  external  air  presses  upon  the  walls 
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of  the  chest  and  its  contents,  and  gradually  brings  them 
hack  to  the  original  position.  The  instant  that  begins, 
these  little  elastic  air-sacs  partly  collapse  and  squeeze 
the  air  out  of  them;  at  the  same  time  the  internal  inter- 
costal muscles,  the  fibres  of  which  run  in  the  opposite 
direction  to  those  of  the  external  ones,  begin  to  contract 
and  help  the  external  air  which  is  pressing  upon  the  ribs 
by  pulling  them  back  towards  their  former  position.  This 
is  called  expiration,  and  thus  about  as  much  air  is  driven 
out  of  the  lungs  as  was  drawn  in  during  inspiration. 

So  you  see  the  chief  forces  at  work  in  inspiration 
are  active  muscular  forces,  by  which  the  chest  cavity 
is  made  larger,  and  the  chief  agents  in  expiration  aie 
passive  agents,  the  pressure  of  the  ah  upon  the  walls  of 
the  chest  and  abdomen  (because  the  pressure  of  the  ah 
upon  the  walls  of  the  abdomen  push  it  back  and  help 
the  diaphragm  into  its  position),  one  passive  force,  and 
the  elastic  recoil  of  the  air-sacs,  another  passive  force, 
and  these  forces  are  aided,  and  that  is  all,  by  the  con- 
traction of  the  internal  muscles  between  the  ribs,  which 

help  to  bring  the  ribs  down  again. 

This,  then,  is  how  the  lungs  are  inflated,  how  the 
lungs  collapse,  and  how  the  chest  cavity  is  reduced  to 

its  original  size. 

We  have  seen  roughly  now  what  the  apparatus  is, 
and  how  it  works. 

An  adult  in  breathing  air  in,  inspires  on  an  average 
from  20  to  30  cubic  inches  of  air,  that  is  to  say  about 
three-quarters  of  a pint ; and  he  breathes  out  the  same 

quantity. 
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This  air  is  called  tidal  air,  because  it  is  continually 
flowing  in  and  out.  He  can  breathe  out,  if  be  expires 
as  bard  as  be  is  able,  about  100  cubic  inches  more,  and 
besides  that  there  still  remain  in  the  lungs  another  100 
cubic  inches,  which  he  can  never  breathe  out,  so  that  the 
lungs  always  contain  some  air,  and  this  air  that  remains 
in  the  lungs,  and  is  never  got  rid  of,  goes  by  the  name 
of  the  residual  air.  The  whole  quantity,  from  220  to 
230  cubic  inches,  goes  by  the  name  of  the  vital  capacity 
of  the  lungs,  and  varies  in  different  persons,  and  in  the 
same  persons  at  different  times  of  life,  and  in  disease. 

Besides  that,  a person  can  draw  in,  by  a deep  inspir- 
ation, about  another  100  cubic  inches  of  air. 

Let  us  consider  what  happens  to  the  air  that  is 
drawn  in,  and  what  happens  to  the  blood  that  is  in  the 
lungs. 

If  we  examine  the  air  that  goes  into  the  lungs,  we 
find  that  it  consists  of  three  gases,  with  a certain  variable 
quantity  of  watery  vapour  dissolved  in  it  (because  air 
will  dissolve  water  very  much  in  the  same  way  as  water 
will  dissolve  sugar  or  salt).  The  air  that  goes  in  con- 
sists of  three  gases  chiefly.  It  contains  nitrogen,  about 
79  parts  in  100;  it  contains  a gas  which  we  call  oxy- 
gen, very  nearly  21  parts  in  100.  But  you  say  that 
makes  up  the  100  parts — remember  I said  “ nearly  21 
parts  of  oxygen.”  And  it  contains  another  gas  called  car- 
bonic acid,  to  the  extent  of  about  4 parts  in  10,000.  I 
will  give  you  the  exact  composition  in  a future  Lecture. 

So  the  air  consists  of  nearly  4-5ths  nitrogen,  more 
than  l-5th  oxygen,  and  a trace  of  carbonic  acid. 


56 


RESPIRATION. 


This  is  the  air  that  is  drawn  into  the  lungs.  Now  what 
air  comes  out  of  the  lungs,  and  what  does  it  contain  ? 

We  find  that,  however  much  or  little  water  the  air 
contains  when  drawn  into  the  lungs,  the  air  that  comes 
out  of  the  lungs  is  always  saturated  with  moisture,  so 
that  we  see  that  a great  deal  of  moisture  is  continually  got 
rid  of  from  the  lungs.  We  find  further,  that  whether  the 
air  that  we  take  in  is  cold  or  hot,  the  air  we  breathe  out 
is  always  very  nearly  as  hot  as  the  blood ; so  that  a 
considerable  quantity  of  heat  is  lost  from  the  body  by 
means  of  the  lungs.  Then  we  find  that  the  air  that  we 
breathe  out  contains  just  about  as  much  nitrogen  as  we 
breathe  in,  so  that  in  the  lungs  very  little  change  takes 
place  with  regard  to  the  nitrogen  that  is  breathed.  We 
find,  on  the  other  hand,  that  about  5 per  cent  has  been 
lost,  and  that  that  loss  has  been  oxygen.  Of  every  100 
parts  of  air  that  we  breathe  in  very  nearly  5 per  cent  is 
lost,  and  that  5 per  cent  consists  of  oxygen.  Whereas 
the  air  we  breathe  in  contains  nearly  21  parts,  the  air 
we  breathe  out  contains  only  about  16  parts,  or  a little 
more,  and  the  place  of  that  is  supplied  by  carbonic  acid, 
so  that  the  air  we  breathe  out  contains,  at  any  rate,  more 
than  4 per  cent  of  carbonic  acid. 

You  will  see  I have  mentioned  5 per  cent  in  the 
case  of  oxygen  as  lost,  and  4 per  cent  in  the  case  of 
carbonic  acid,  which  takes  its  place;  I have  done  this 
in  order  to  fix  in  your  minds  the  fact  that  rather  more 
oxygen  is  absorbed  in  the  lungs  than  carbonic  acid  given 
out.  So  that  while  the  air  contained  only  4 parts  in 
10,000  of  carbonic  acid,  the  air  that  we  breathe  out  con- 
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tains  at  least  4 parts  in  100,  or  at  least  100  times  as 
much  carbonic  acid  as  the  air  that  we  breathe  in.  Be- 
sides that,  the  air  that  we  breathe  out  contains  a certain 
quantity  of  foul  organic  matter,  and  this  it  is  that  renders 
the  an  of  rooms  which  has  been  breathed  over  and  over 
again  injurious ; this  it  is  that  chiefly  tends  to  render 
the  air  of  crowded  rooms  disagreeable,  and  this  stuffiness 
of  the  air  is  a certain  sign,  and  has  been  shown  to  be  a 
very  accurate  index,  of  the  state  of  the  impurity  of  the  air. 

Now  before  I go  on  to  consider  the  changes  in  the 
blood,  I must  point  out  that  air  that  has  been  breathed 
once  is  not  fit  to  breathe  again,  and  this  for  several 
reasons. 

I suppose  if  I were  to  ask  you  what  it  was  that 
caused  this  unfitness,  your  answer  would  be  because  it 
contains  a large  quantity  of  carbonic  acid.  That  is  not 
the  first  reason — the  first  reason  is  because  it  contains 
a large  quantity  of  foul  organic  matter ; other  reasons 
are  because  the  amount  of  oxygen  in  the  air  has  been 
seriously  diminished,  and  because  its  carbonic  acid  has 
been  increased.  The  quantity  of  carbonic  acid  is  not  the 
most  important  thing,  but  we  shall  say  more  on  that 
farther  on. 

Now,  then,  what  happens  to  the  blood  as  it  goes 
through  the  lungs  ? The  mixture  of  blood  which 
comes  into  the  right  auricle  of  the  heart  is  pumped  by 
the  right  ventricle  through  the  pulmonary  artery  into 
the  lungs;  that  blood  is  what  we  call  the  venous 
blood;  it  is  of  a dark  purple  colour,  so  dark  that  it 
is  commonly  called  black  blood.  We  call  it  venous 
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blood,  because  it  is  the  kind  of  blood  that  is  contained 
in  the  large  veins  in  the  body.  You  will  remember  the 
blood  of  the  right  side  of  the  heart  comes  from  the  body 
by  the  large  veins  (venae  cavae),  that  is  why  it  is  called 
venous  blood.  This  black  blood  is  pumped  through  the  . 
pulmonary  artery  and  its  branches  into  the  capillaries  of 
the  lungs.  Through  these  little  capillary  vessels,  situated 
upon  the  walls  of  the  air-sacs,  the  blood  passes  into  the 
pulmonary  veins,  and  runs  through  the  pulmonary  veins 
into  the  left  auricle.  When  it  has  passed  through  these 
little  capillary  vessels  it  is  no  longer  venous  blood ; 
it  has  become  bright  red  blood,  which  we  call  arterial 
blood ; this  comes  back  to  the  left  auricle  of  the  heart, 
and  from  that  into  the  left  ventricle,  and  is  pumped  by 
means  of  that  left  ventricle  through  the  arteries  of  the 
body,  and  that  is  why  we  call  it  arterial  blood. 

I told  you,  in  the  last  Lecture,  that  blood  contained 
substances  in  suspension,  as  well  as  in  solution,  and  I 
mentioned  some  of  these  to  you ; but  I did  not  tell 
you  that  blood  has  a property  of  dissolving  the  gases  of 
the  air,  and  blood  contains  dissolved  in  it  the  gases  of 
the  air,  not,  however,  in  the  proportions  in  which  they 
exist  in  the  air,  but  in  the  proportions  in  which  they 
are  capable  of  dissolving  in  blood,  and  combining  with 
certain  substances  in  the  blood.  It  contams  a large 
quantity  of  carbonic  acid,  a considerable  quantity  of 
oxygen,  and  some  nitrogen  dissolved.  We  have  already 
said,  that  in  the  lungs  the  blood  gains  oxygen  and  loses 
carbonic  acid.  The  oxygen,  which  has  been  gained  by 
the  blood,  gets  into  it  from  the  air  in  the  air-sacs,  an 


RESPIRATION. 


59 


the  carbonic  acid  and  moisture,  which  the  expired  air 
contains,  come  from  the  venous  blood  in  the  capillary 
vessels  into  the  air  in  those  air-sacs.  It  is  a fact  that 
moist  membranes  have  the  property  of  allowing  sub- 
stances in  solution  to  pass  through  them,  whether  they 
are  solids  in  solution  or  gases,  and  these  substances  in 
solution  pass  through  moist  membranes  according  to 
definite  laws  and  at  definite  rates. 

How,  we  say,  then,  that  by  passing  through  these 
capillary  vessels,  the  blood  has  gained  oxygen  from  the 
air,  and  has  given  up  carbonic  acid  and  water  into  the 
air ; by  these  changes  the  blood  becomes  bright  red — 
that  is  a thing  ascertained  by  experiment.  If  you  take 
dark  venous  blood,  and  put  it  in  a bottle  and  shake  it 
up  with  oxygen  gas,  it  becomes  bright  scarlet,  or  arterial 
blood ; and,  on  the  other  hand,  if  you  take  the  bright 
scarlet  blood,  and  shake  it  up  in  a bottle  with  car- 
bonic acid,  it  becomes  dark  venous  blood.  There 
is  no  doubt  that  the  change  in  the  colour  which  takes 
place  in  the  lungs  is  a change  caused  by  getting  rid 
of  carbonic  acid  and  gaining  oxygen.  It  goes  through 
these  capillary  vessels  of  the  lungs  which  lie  upon  the 
air-sacs,  and  these  are  moist  membranes,  so  you  see  that 
by  this  contrivance  the  black  blood  in  the  branches 
of  the  pulmonary  artery  is  brought  into  contact  with  the 
largest  possible  quantity  of  air  in  an  immense  number 
of  small  sacs  of  moist  membrane  at  the  ends  of  tubes, 
which  are  in  communication  with  the  external  air.  This 
blood  has  too  much  carbonic  acid  and  too  much  water. 
Some  of  the  water  passes  through  the  membranes  into 
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the  air  in  these  air-sacs  ; some  of  the  carbonic  acid  goes 
out  from  the  blood  into  the  air  in  these  air-sacs ; and 
some  of  the  oxygen  of  the  air  in  these  air-sacs  goes  in  to 
take  the  place  of  the  carbonic  acid,  and  so  the  blood 
goes  on  with  less  carbonic  acid,  less  water,  and  more 
oxygen.  This  extra  carbonic  acid,  and  the  extra 
water  that  are  got  rid  of  in  the  lungs,  where  do  they 
come  from  ? The  arterial  blood  which  has  been  pumped 
by  the  left  ventricle  of  the  heart  into  the  different 
tissues  of  the  body,  runs  through  the  capillary  vessels 
of  those  tissues,  so  that  there  you  have  this  arterial 
blood  running  in  an  immense  number  of  fine  streams 
through  these  fine  capillary  vessels,  made  of  moist 
membrane,  in  the  different  tissues  of  the  body ; an  in- 
terchange takes  place  between  the  contents  of  those 
capillary  vessels  and  the  juices  in  the  tissues  of  the 
body ; the  blood  gives  up  substances  which  the  tissues 
require  to  nourish  them,  and  some  substances  go  back 
from  the  juices  of  the  tissues  into  the  blood,  substances 
which  the  tissues  have  done  with.  The  surplus  of  all 
this  is  picked  up  by  the  lymphatic  vessels. 

The  result  is  that,  when  the  blood  has  gone  through 
any  tissue  in  the  capillary  vessels,  it  comes  out  through 
these  capillary  vessels  into  the  little  veins  as  black 
venous  blood,  and  it  is  this  change  of  the  blood  from 
the  bright  arterial  blood  which  is  supplied  to  the  tissues 
of  the  body  into  black  venous  blood  that  is  reversed  in 

the  lungs. 

What  becomes  of  the  oxygen  that  is  absorbed  from 
the  air  into  the  blood  ? 
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This  oxygen  gas  is  found  to  be  dissolved  in  the  blood 
to  a much  greater  extent  than  it  would  be  dissolved  in 
water.  Blood  is  capable  of  holding  more  oxygen  than 
water,  and  it  is  found  that  this  oxygen  gas  attaches 
itself  to  the  little  red  corpuscles  in  the  blood.  One 
of  the  uses,  at  any  rate,  of  these  little  red  bodies  in  the 
blood  would  appear,  then,  to  be  to  carry  the  oxygen 
about.  The  oxygen  finds  in  the  blood  certain  substances 
with  which  it  can  combine,  substances  partly  derived 
from  the  food  and  partly  waste  substances  that  have 
got  into  the  blood ; it  combines  with  those  substances, 
and  two  of  the  results  of  that  combination  are  two  sub- 
stances that  I have  already  mentioned  as  being  got  rid  of 
from  the  lungs,  water,  and  carbonic  acid.  It  is  by 
means  of  this  combination  of  the  oxygen  with  the  sub- 
stances that  it  finds  in  the  blood  that  our  animal  heat  is 
kept  up.  Whenever  things  combine  together  to  form 
other  substances,  heat  is  given  out,  and  it  is  by  this 
combination  of  oxygen  that  we  breathe  in  with  sub- 
stances that  it  finds  in  the  blood  that  the  heat  which  we 
call  animal  heat  is  produced,  and  that  the  temperature 
of  our  bodies  is  kept  up.  The  temperature  of  the  blood 
must  be  kept  up  to  within  a few  degrees  of  the  ordinary 
standard,  or  else  we  could  not  exist. 

Respiration  takes  place  at  various  rates  during  dif- 
ferent periods  of  life.  The  young  child  respires  very 
much  faster  than  the  adult.  An  adult  respires  fifteen 
or  sixteen  times  in  a minute,  but  the  activity  of  respira- 
tion, and  so  the  activity  of  all  those  changes  that  are 
produced  by  respiration,  and  the  amount  of  the  puri- 
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fication  of  the  blood  that  can  he  produced  by  respiration, 
may  be  increased  in  various  ways. 

Exercise  is  one  great  agent  in  increasing  the  activity 
of  respiration.  It  is  also  increased  by  cold.  We 
always  respire  more  quickly  in  cold  weather,  and  you 
can  see  why.  It  is  because  in  cold  weather  we  lose 
heat  faster,  and  so  require  to  make  more  heat  to  keep 

ourselves  sufficiently  warm. 

The  first  use  then  of  the  respiratory  apparatus  is  to 
supply  oxygen  to  burn  substances  in  the  blood,  for  this 
combination  is  a kind  of  burning,  and  so  to  produce  the 
animal  heat  upon  which  our  lives  depend,  which  is  con- 
verted into  ah  the  forces  which  we  exert,  whether  mus- 
cular or  mental. 

All  the  forces  of  our  life  are  derived  from  the  animal 
heat  produced  in  the  way  just  described— viz.  by  burn- 
ing the  different  substances  in  the  blood  with  oxygen 
gas.  I use  the  word  burning  advisedly,  because  it  is 
precisely  the  same  kind  of  process  that  we  use  for  all 
our  methods  of  lighting  and  warming,  as  they  all  consist 
of  taking  substances  capable  of  combining  with  the 
oxygen  of  the  ah,  and  making  them  combine  with  it,  as 

in  burning  coal,  gas,  or  candles. 

And  another  important  use  of  this  apparatus  is  to 
„et  rid  of  certain  substances  from  the  blood  which  are 
superfluous  in  it,  and  which  are  injurious  to  the  system, 
thereby  helping  to  purify  the  blood,  so  that  it  may  be 
of  a proper  quality  to  nourish  the  different  tissues  of  the 

body. 
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The  food  that  we  eat  requires  to  be  prepared  in 
various  ways  before  it  can  become  part  of  the  structures 
of  which  our  body  is  composed.  To  this  end,  there  is 
a complex  apparatus  contained  in  our  bodies,  and  there 
are  certain  liquids  provided  in  connection  with  this  ap- 
paratus, and  certain  organs  in  which  these  liquids  are 
made,  and  thereby  the  food  that  we  take  is  reduced  to  a 
condition  in  which  it  can  be  assimilated  to  the  struc- 
tures of  our  own  bodies.  This  apparatus  we  call  the 
digestive  apparatus  ; and  this  apparatus  and  its  working 
I am  now  going  to  describe. 

The  digestive  apparatus  begins,  as  before  mentioned, 
with  the  mouth.  The  mouth  is  a cavity,  the  walls  of 
which  are  partly  bony  and  partly  muscular  and  fibrous  ; 
the  upper  part  of  it,  the  roof,  is  what  we  call  the  palate, 
the  front  part  of  which  is  bony,  and  the  back  part 
muscular  and  fibrous ; there  is  then  the  hard  palate 
and  the  soft  palate ; the  side  walls  of  the  cavity  of  the 
mouth  are  the  cheeks,  which  are  for  the  most  part 
muscular,  and  which  are  capable  of  being  moved  in 
various  ways ; and  just  inside  the  cheeks  are  the  jaws. 
At  the  floor,  we  have  a large  organ,  which  we  call  the 
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tongue,  which  is  almost  entirely  muscular,  composed  of 
several  layers  of  muscles,  layers  which  run  in  different 
directions,  so  that  the  tongue  is  capable  of  a great 
variety  of  movements.  At  the  front  of  the  mouth  we 
have  the  lips,  forming  a valve,  and  an  opening  to  the 
external  air ; at  the  hack  of  the  mouth  is  an  opening 
communicating  with  another  cavity,  called  the  pharynx. 

These  are  the  boundaries  of  the  cavity  of  the  mouth, 
and  the  beginning  of  the  digestive  apparatus. 

In  the  first  place,  in  this  cavity  we  notice  that  the 
edges  of  the  jaws  are  provided  with  a special  set  of 
instruments,  the  teeth — instruments  for  cutting,  tearing, 
and  grinding  the  food.  These  instruments  are  fixed 
into  the  jaw-bones,  just  as  nails  are  fixed  into  a board. 

The  whole  of  the  cavity  of  the  mouth  is  lined,  and 
the  whole  of  the  digestive  apparatus  is  lined,  by  a mem- 
brane, which  is  continuous  with  the  external  skin  of  the 
body.  You  will  remember  I have  mentioned  in  a pre- 
vious Lecture  that  the  membrane  which  lines  the  differ- 
ent cavities  of  the  body  communicating  with  the  exter- 
nal air  is  called  the  mucous  membrane,  and  so  the 
mouth,  and  the  rest  of  the  digestive  cavity,  are  lined 
with  mucous  membrane. 

This  mucous  membrane  around  the  edges  of  the 
jaws,  into  which  the  teeth  are  implanted,  becomes  harder 
and  more  firm  than  it  is  in  other  places,  and  goes  by  the 
name  of  the  gums ; it  is  continued  right  down  into  the 
holes  in  which  the  teeth  are  implanted,  and  over  the 
parts  of  the  teeth  which  are  implanted  m the  jaws,  and 
which  we  call  the  roots  of  the  teeth,  so  that  the  teeth 
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are  not  merely  fixed  in  the  jaws  by  their  roots,  but  the 
holes,  or  sockets,  in  the  jaws,  and  the  roots  of  the  teeth, 
are  lined  by  a firm,  tough  membrane.  This  renders 
their  position  in  the  jaws  more  secure  than  it  would 
otherwise  be. 

The  teeth  are  of  several  kinds,  but  all  have  cer- 
tain characters  in  common.  In  the  first  place,  the  part 
projecting  above  the  gums  is  called  the  crown  of  the 
tooth ; below  this,  at  the  attachment  of  the  gum,  is  the 
neck  of  the  tooth  ; then  the  teeth  have  processes  below 
projecting  into  holes  in  the  jaws — these  processes  are 
called  roots,  or  fangs,  and  each  tooth  has  one  or  more  of 
these  processes ; besides  this,  every  tooth  has  a cavity 
in  its  interior  which  is  continued  down  right  through 
the  root  or  roots  of  the  tooth,  so  that  at  the  end  of  each 
root  or  roots  there  is  a perforation  leading  into  this 
cavity,  and  it  is  through  those  holes  or  perforations  that 
the  blood-vessels  and  nerves  pass  into  the  teeth. 
You  will  see  from  this  that  the  teeth,  just  like  the 
bones,  form  part  of  the  living  structure  of  the  body,  and 
change  just  like  any  other  part  of  the  body,  only  not  at 
the  same  rate.  The  bulk  of  each  tooth  is  made  up  of  a 
substance,  which  is  only  found  in  teeth,  which  goes  by 
the  name  of  dentine,  a substance  harder  than  bone ; for, 
whereas  bone  contains  about  one-third  of  organic  matter 
and  two-thirds  of  inorganic  or  mineral  matter,  dentine 
contains  only  a quarter  of  organic  matter  and  three- 
quarters  of  mineral  matter.  Around  the  fangs  of  the 
teeth  there  is  placed  a small  quantity  of  a substance 
called  cement,  almost  exactly  resembling  bone;  and  upon 
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the  crown  there  is  a substance  which  covers  the  whole 
of  it  above  the  gum,  which  is  the  hardest  and  most  in- 
destructible substance  in  the  human  body,  and  goes  by 
the  name  of  enamel ; it  consists  almost  entirely  of  inor- 
ganic or  mineral  matter. 

You  can  now  see  from  the  structure  of  the  teeth  how 
very  important  it  is  that  the  crown  of  the  tooth  should 
not  be  broken, injured, dissolved, or  decayed  in  anyway. 
The  enamel  on  the  crown  of  the  tooth  is  extremely 
hard,  and  especially  fitted  for  the  purposes  for  which 
the  teeth  are  used.  It  is  not  a very  thick  layer,  and 
if  broken  by  biting  hard  substances,  or  decayed  by  want 
of  attention  to  the  cleansing  of  that  part  of  the  tooth 
which  is  above  the  gum,  then  the  dentine  is  exposed  and 
it  is  quickly  destroyed;  for  if  the  enamel,  which  is  harder 
than  that,  is  not  sufficient  for  your  purpose,  the  dentine 
cannot  be.  When  the  dentine  begins  to  go  it  goes  very 
fast  indeed,  and  the  teeth  decay  into  the  cavity  in  the  in- 
terior of  the  tooth;  that  is  how  the  nerve  gets  exposed,  and 
we  get  those  pains  which  are  familiar  to  most  of  us.  Y ou 
can  see,  then,  from  the  construction  of  the  teeth  what 
an  important  thing  it  is  to  take  care  of  them.  Now, 
these  are  the  things  which  are  common  to  all  teeth.  But 
teeth  are  of  different  kinds,  and  there  are  two  sets  of 
teeth  ; there  is  the  first  set  of  teeth,  which  we  call  the 
milk  teeth ; they  are  also  called  the  temporary  teeth, 
because  they  are  teeth  which  we  only  retain  for  a small 
portion  of  our  lives ; and  there  is  another  set,  which  we 
call  the  second  or  permanent  set  of  teeth. 

As  the  teeth  of  the  two  jaws  are  sufficiently  alike, 
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and  those  on  each  side  of  each  jaw  are  alike,  I will  de- 
scribe the  teeth  on  one  side  of  one  jaw. 

Now,  as  to  the  first  set  of  teeth.  In  front  there  are 
two  teeth  with  edges  like  a chisel,  cutting  edges ; these 
are  called  the  incisor  teeth,  because  they  are  used  in 
cutting  up  the  food,  and  they  are  especially  developed 
in  animals  which  have  to  eat  hard  foods.  There  is  a 
certain  class  of  animals  which  go  by  the  name  of 
rodents  or  gnawing  animals,  some  of  which  we  know 
i very  well,  such  as  hares,  rabbits,  squirrels,  rats,  mice, 
etc.,  and  these  all  have  the  front  or  cutting  teeth  very 
( remarkably  developed.  Then,  behind  these  two,  there 
comes  a tooth  which  is  pointed ; it  has  no  cutting  edge 
like  the  first  two ; and  because  it  is  the  tooth  that 
corresponds  to  the  tooth  which  is  most  easily  seen  in  a 
. dog’s  mouth,  it  goes  by  the  name  of  the  canine  tooth, 

! although  in  us  it  projects  little  beyond  the  rest  of  the 
teeth.  The  function  of  this  tooth  is  to  tear  the  food, 

: and  these  teeth  are  most  developed  in  carnivorous 
; animals,  such  as  the  lion,  the  bear,  the  dog,  and  the 
j cat.  Behind  this  tooth  there  come  two  teeth  which 
! have  large  square  surfaces  with  points  upon  them,  and 
| they  are  especially  adapted  for  grinding  the  food,  and 
so  go  by  the  name  of  molar  teeth,  because  they,  more 
or  less,  resemble  mill-stones  in  their  action.  These 
j teeth  are  especially  developed  in  animals  which  eat 
i food  which  requires  grinding,  such  as  the  horse,  the 
cow,  sheep,  etc.  They  are  developed  sometimes  almost 
| to  the  exclusion  of  the  rest  of  the  teeth. 

These  just  described  belong  to  the  first  set  or  milk 
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teeth,  and  they  are  the  temporary  teeth.  Of  these  there 
are  jive  teeth  on  each  side  of  each  jaw ; twenty  in  all. 

These  teeth  are  replaced  at  about  five  years  of  age 
in  the  following  way  : the  two  incisor  or  cutting  teeth 
are  replaced  by  incisor  or  cutting  teeth ; the  canine  is 
replaced  by  a canine  stronger  and  larger,  but  still  a 
canine  tooth ; the  two  molars  are  replaced  by  two  teeth 
which  have  not  one  point  like  canines,  but  two  points 
on  their  summits,  and  so  go  by  the  name  of  bicuspid. 
The  canines  have  only  one  root,  the  bicuspid  have 
really  one  root,  but  it  is  divided  into  two  at  the  point. 
Then,  besides  these,  there  are  three  more  molars  devel- 
oped. In  the  adult  there  are  on  each  side  of  each  jaw 
two  incisor  or  cutting  teeth,  one  canine  or  tearing  tooth, 
two  bicuspids,  which  have  replaced  the  molars  of  the 
infant,  which  are  partly  tearing  and  partly  grmdmg 
teeth — being  in  construction  between  the  canine  or  tear- 
ing and  the  molars  or  grinding  teeth  and  three 
true  molars.  There  are  then  in  a complete  set  eight 
teeth  on  each  side,  making  thirty-two.  in  all.  The  last 
molar,  on  each  side  of  each  jaw,  is  developed  at  a late 
period  of  life,  and  they  commonly  go  by  the  name  of 
the  wisdom  teeth. 

You  will  probably  think  it  strange  that  in  human 
beings  the  teeth  should  be  of  different  kinds,  although 
almost  all  of  the  same  length ; but  this  is  sufficient  to 
show  us  that  human  beings  are  adapted  to  eat  various 
kinds  of  food.  Man  is  not  like  the  animals,— as  horses, 
cows,  sheep,  etc.— which  live  only  on  vegetable  foods,  j 
nor  like  lions,  tigers,  etc.,  which  eat  animal  food  only. 
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Animals  that  live  on  one  kind  of  food  have  their 
teeth  developed  in  the  way  which  best  enables  them  to 
eat  that  particular  kind  of  food,  but  we,  as  you  see, 
have  teeth  corresponding  to  the  teeth  of  various  classes 
of  animals ; so  it  is  quite  clear,  from  the  mere  construc- 
tion of  our  mouths,  that  we  are  adapted  to  live  upon 
various  kinds  of  food. 

I said  the  mouth  was  lined  by  a mucous  membrane ; 
in  this  mucous  membrance  there  are  very  numerous 
: depressions ; these  form  what  we  call  glands,  and,  be- 
■ cause  they  are  in  the  mouth,  they  go  by  the  name  of 
buccal  glands ; and  here  I may  take  the  opportunity  of 

I saying,  that  when  I speak  of  a gland,  that  is  what  I 
mean  I mean  a depression  from  the  skin,  or  from  the 
mucous  membrane. 

You  will  remember,  when  speaking  about  lymphatic 
glands,  I told  you  that  they  were  not  glands  pro- 
perly  so  called,  and  when  speaking  of  a true  gland,  a 
j depression  from  the  skin  or  mucous  membrane  is  meant. 
It  does  not  matter  how  blunt  that  depression  may 
be,  how  far  it  may  go,  or  how  far  it  is  pushed  out  in 
1 different  directions.  These  buccal  glands  are  merely 
L little  depressions. 

But,  besides,  there  are  six  important  glands,  three 
j on  each  side,  connected  with  the  mouth;  these  secrete 
' fluid,  which  is  poured  in  the  mouth,  and  goes  by  the 
i name  of  saliva  or  spittle.  These  six  glands  secrete  fluid 
,J  which,  together  with  the  fluids  secreted  by  the  numerous 
1 little  glands  I have  mentioned  before,  has  extremely 
c important  purposes. 
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When  we  take  food  into  our  mouths  it  is  subjected 
to  certain  processes  in  the  mouth,  which  altogether  go 
by  the  name  of  mastication  and  insalivation  (or  mixing 
with  the  saliva).  This  is  done  by  means  of  the  move- 
ment of  the  lower  jaw  upon  the  upper  jaw  (because  the 
lower  jaw  alone  is  movable,  moving  up  and  down, 
across,  forwards,  and  backwards),  the  movements  of  the 
tongue,  and  the  movements  of  the  cheeks.  While  the 
lower  jaw  is  moving,  so  as  to  crush  the  food  between 
the  teeth,  the  tongue  and  cheeks  act  in  opposite  direc- 
tions, so  as  to  keep  the  pieces  of  food  between  the  teeth. 
When  the  food  gets  on  one  side,  either  the  tongue  or  the 
cheeks  contract,  and  push  it  between  the  teeth  again ; 
so  that,  by  a series  of  extremely  complex  actions,  the 
food  that  we  have  in  our  mouth  is  kept,  while  neces- 
sary, between  the  teeth,  and  so  divided  into  very 
minute  fragments.  You  will  see  how  this  acts,  and  the 
way  in  which  the  food  is  kept  between  the  teeth,  when 
you  consider  how  frequently,  when  eating  game,  you  find 
a shot  in  your  mouth,  and  you  feel  it  half  a dozen  times 
between  your  teeth  before  you  can  secure  it,  thus 
showing  the  extremely  perfect  way  in  which  the 
muscles  of  the  cheeks  and  the  tongue  act  to  keep 
the  particles  of  food  between  the  teeth,  so  as  to 
ensure  their  being  completely  crushed.  While  tins  is 
o-oing  on,  and  because  this  is  going  on,  the  glands 
that  I have  mentioned  are  secreting  then  fluids ; the 
very  fact  that  the  tongue  and  cheeks  are  moving,  is 
sufficient  to  make  the  salivary  glands  secrete  then  fluids, 
and  they  secrete  comparatively  little  fluid  at  any  othei 
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time,  only  just  sufficient  to  keep  the  mouth  moist. 
Whenever  anything  is  in  the  mouth  they  are  excited  to 
secrete  more  fluid,  as  any  of  you  who  have  been  up  a 
mountain  can  testify.  The  mouth  then,  or  when  going 
for  a long  walk,  always  becomes  dry ; and  it  is  a very 
capital  plan  to  keep  a small  pebble,  a marble,  or  a plum- 
stone  in  the  mouth,  so  as  to  secure,  by  continually 
moving  it  about,  a constant  flow  of  saliva. 

So  we  see  that  the  presence  of  the  food  in  the  mouth, 
and  the  exercise  of  the  tongue  and  cheeks,  cause  the 
salivary  fluid  to  flow  from  the  glands  into  the  mouth ; 
that  fluid  is  mixed  up  with  the  food  that  has  been 
minutely  subdivided  by  the  teeth,  the  whole  thing 
together  forming  a ball.  The  fluid,  in  the  first  place, 
moistens,  and,  in  the  second  place,  it  aerates  it,  as  of 
course  there  are  bubbles  of  air  in  the  saliva.  This  soft 
ball  of  food  is  gradually  passed  backwards  to  the  hinder 
part  of  the  mouth  between  the  tongue  and  palate,  and 
so  it  comes  to  the  soft  palate,  and  there  the  soft  palate 
ordinarily  hangs  downwards ; and  as  soon  as  the  ball  of 
food  touches  it,  the  muscles  of  which  the  soft  palate  is 
composed  and  the  adjacent  muscles  tilt  it  upwards 
across  the  cavity  behind  the  mouth,  which  is  called  the 
pharynx.  You  will  see  the  importance  of  this  ; the 
soft  palate,  by  being  tilted  upwards,  and  forming  a roof 
to  the  pharynx,  prevents  the  food  from  going  upwards 
and  backwards  into  the  nose,  and  it  prevents  the  fluid 
also  from  going  into  some  other  tubes,  which  I shall 
mention  presently.  The  food  then  is,  as  you  see,  just 
at  the  entrance  of  the  pharynx,  the  soft  palate  being 
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oyer  it,  and  the  root  of  the  tongue  being  below  it. 
When  it  gets  to  this  place,  the  ball  of  food  is  seized  by 
some  muscular  bands,  which  pass  down  from  the  soft 
palate  towards  the  roof  of  the  tongue  on  each  side. 

It  is  seized  by  these  hands ; there  are  two  pairs  of 
them,  one  on  each  side  of  each  tonsil.  You  all  know 
where  the  tonsils  are,  at  the  hack  of  the  mouth ; at  any 
rate,  all  who  have  suffered  from  quinsy  know  where- 
abouts the  tonsils  are.  These  muscular  hands  which  run 
down  on  each  side  of  the  tonsils  seize  hold  of  the  ball 
of  food ; at  the  same  time  the  tongue  rises  a little  up- 
wards and  backwards,  and  the  root  of  the  tongue  presses 
down  the  epiglottis  or  lid  of  the  .larynx.  Now  you 
remember  that  over  the  larynx,  or  box  in  which  the  voice 
is  formed,  there  is  this  cartilaginous  lid  called  the  epi- 
glottis, because  it  is  over  the  glottis,  the  glottis  being 
the  aperture  leading  into  the  larynx,  and  so  into  the 
windpipe.  So  we  see  that  when  the  tongue  rises  back- 
wards with  the  haU  of  food  on  it,  it  pushes  down  the 
epiglottis,  and  then  the  muscular  columns  contract  upon 
the  ball  of  food  and  push  it  over  the  lid  of  the  larynx 
into  the  pharynx  or  cavity  behind  the  mouth,  and  so 
into  the  continuation  from  the  pharynx,  which  is  called 
the  gullet  or  swallow,  and  that  is  how  the  food  is  pre- 
vented from  going  the  wrong  way ; however,  food  and 
liquids  do  sometimes  go  the  wrong  way  when  we  are  talk- 
ing while  we  are  swallowing.  You  can  see  exactly  how  it 
happens  : when  we  are  talking  the  air  is  coming  out  and 
that  lid  cannot  be  shut  properly,  and  so  some  of  the  food 

gets  into  the  larynx. 
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I want  to  make  you  understand  what  the  pharynx 

is,  by  mentioning  to  you  the  different  tubes  which  open 
into  its  cavity ; no  less  than  seven  tubes  lead  into  or  out 
of  it.  I have  mentioned  all  but  two. 

In  the  first  place,  the  mouth  leads  into  it ; in  the 
second  place,  the  two  cavities  of  the  nose  lead  into  it ; 
and  in  the  third  place,  two  tubes,  not  mentioned  before, 
forming  part  of  the  apparatus  of  hearing,  called,  from  the 
name  of  their  discoverer,  the  Eustachian  tubes,  lead  into 

it.  Then  the  windpipe  is  connected  with  it,  and  so  is 
the  gullet  or  swallow,  and  that  makes  the  seven. 

When  the  soft  palate  is  raised  up  so  as  to  prevent 
the  food  or  drink  from  getting  into  the  nose — and  in  all 
people  who  have  cleft  palates,  until  a particular  operation 
is  performed,  some  of  the  food  goes  back  into  the  nose, 
and  the  same  thing  happens  with  people  who  have  had 
their  palates  destroyed  by  disease — it  also  prevents  the 
food  from  getting  into  the  two  Eustachian  tubes,  so  the 
food  gets  into  the  gullet  or  swallow,  called,  in  anatomi- 
cal language,  the  oesophagus.  This  tube  has  soft, 
compressible  walls ; it  is  strong  and  fibrous,  and  has  on 
its  outside  two  muscular  coats,  and  so  it  is  capable  of 
contracting.  It  has  also  a coat  which  carries  blood- 
vessels to  supply  it  with  blood,  and  it  has  lastly,  of 
course,  a mucous  membrane.  It  passes  down  through  the 
neck,  close  in  front  of  the  bodies  of  the  vertebras,  and 
close  behind  the  windpipe,  and  you  will  remember  I 
told  you  that  the  incomplete  cartilaginous  rings  of  the 
windpipe,  which  nearly  surround  it  and  keep  it  wide 
open,  have  their  ends  joined  together  at  the  back  by 
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a fibrous  membrane,  and  this  membrane  is  closely 
attached  to  the  fibrous  coat  of  the  oesophagus  or  gullet, 
and  it  is  because  that  membrane  is  there  that  the  wind- 
pipe does  not  offer  any  resistance  to  the  food  which  is 
being  swallowed. 

The  oesophagus  then  passes  downwards  through  the 
neck  and  chest,  and  through  a hole  in  the  diaphragm 
into  a bag  that  we  call  the  stomach.  As  soon  as  the 
food  gets  from  the  pharynx  and  over  the  lid  of  the 
larynx  into  the  oesophagus,  the  fibres  of  the  oesophagus, 
which  are  round  it  and  which  are  called  circular  fibres, 
contract  upon  the  ball  of  food  and  hold  it,  and  then  the 
fibres  running  lengthwise  down  that  part  of  the  gullet 
contract  and  pull  up  the  next  bit  of  the  gullet,  the  cir- 
cular fibres  of  which  at  once  contract  upon  the  ball  of 
food,  so  that  the  latter  is  continually  caught  hold  of  by 
each  piece  of  gullet,  and  then  by  the  next  piece,  and 
squeezed  farther  down.  That  action  is  peculiar  to  the 
whole  of  the  intestinal  canal,  including  the  gullet,  and 
goes  by  the  name  of  the  peristaltic  action. 

The  food  does  not  fall  down  this  tube  into  the 
stomach,  for  the  simple  reason  that  the  gullet  is  not 
wide  open  like  the  windpipe ; each  part  is  only  open 
when  the  food  is  going  down,  and  it  is  opened  by  the 
food,  for  as  soon  as  it  gets  to  one  part,  that  part  con- 
tracts upon  it,  and,  as  it  were,  squeezes  it  to  the  next, 
and  so  on;  and  this  peristaltic  action  does  not  merely 
happen  with  food,  but  with  drink  also.  When  you  take 
drink  into  your  mouth  and  swallow  it,  it  does  not  fall 
down  the  gullet ; it  is  swallowed  in  precisely  the  same 
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manner  as  the  solid  food,  and  that  is  illustrated  by  the 
fact  that  when  a horse  drinks  the  drink  cannot  fall 
up  his  neck  into  his  stomach,  he  swallows  it  up  his 
neck.  We  need  not  go  to  horses;  there  are  some 
persons  who  can  stand  on  their  heads,  and  drink  while 
standing  on  their  heads ; it  is  a common  feat  of  jugglers. 

When  a man  drinks  standing  on  his  head,  it  is  quite 
clear  that  the  water  does  not  fall  up  his  neck ; so  that 
whether  eating  or  drinking  we  deliberately  swallow  the 
thing  almost  in  morsels,  at  any  rate  in  portions. 

While  we  are  using  our  mouths  we  know  what  we 
are  about,  for  all  the  apparatus  connected  with  our 
mouths  is  a voluntary  apparatus.  The  instant  food  has 
got  into  the  pharynx  and  is  going  down  the  gullet,  we 
have  nothing  whatever  more  to  do  with  it ; the  move- 
ments which  go  on  in  the  gullet  are  purely  involuntary ; 
we  can  only  directly  influence  our  action  upon  the  food 
that  is  in  our  mouths — and  that  is  a very  important  point 
to  consider  in  this  way — that  it  points  out  to  us  that 
these  actions  in  our  mouths,  resulting  in  the  subdivision 
of  the  food  and  its  mixture  with  the  saliva,  are  volun- 
tary actions,  and  that  we  ought  not  to  be  doing  anything 
else  at  the  same  time ; our  attention  ought  not  to  be  occu- 
pied with  other  things  while  we  are  masticating  the  food 
in  our  mouths,  or  the  result  is,  that  the  food  is  not 
sufficiently  divided,  not  sufficiently  mixed  with  the 
saliva,  and  therefore  not  properly  digested,  and  if  not 
properly  digested  it  cannot  be  absorbed,  and  so  does  not 
conduce  to  the  nourishment  of  the  body. 

I have  told  you  that  the  food  is  mixed  in  the  mouth 
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with  the  saliva.  This  exerts  an  important  chemical 
action  upon  it  in  the  following  way.  There  is  a great 
deal  of  cooked  starch  in  our  food.  Now  the  saliva  has 
the  property  of  turning  starch  which  cannot  he  absorbed 
into  the  blood  at  all,  into  a particular  form  of  sugar, 
which  is  very  readily  absorbed  into  the  blood.  Besides 
having  a mechanical  use,  the  saliva  has  then  also  the 
chemical  use  of  beginning  the  process  of  digestion,  by 
changing  one  part  of  the  food  which  is  in  a form  in  which 
it  cannot  be  absorbed  into  the  blood  and  into  the  body, 
into  another  form,  namely  a kind  of  sugar,  which  can 
most  readily  he  absorbed  into  the  body.  This  mixture 
of  food  and  saliva  passes  down  the  gullet,  in  the  way  I 
have  described,  into  the  bag  we  call  the  stomach,  how, 
the  stomach  is  situated  across  the  upper  part  of  the 
abdomen,  rather  more  on  the  left  side  than  on  the  right , 
the  gullet  or  swallow  comes  into  it  nearly,  but  not 
quite,  at  its  left  end. 

The  coats  of  the  stomach  are  similar  to  those  of 
the  gullet,  only  that  the  fibrous  coating  on  the  out- 
side of  the  stomach  is  continuous  with  the  serous  bag 
which  is  wrapped  about  the  outside  of  all  the  organs 
in  the  abdomen;  that  bag  is  called  the  peritoneum, 
because  it  is  round  about  the  intestines.  You  'will 
understand  what  I mean,  when  I tell  you  that  the  bag 
is  folded  about  outside  of  the  organs,  in  a similar,  though 
more  complicated  manner,  to  that  in  which  the  serous 
bag,  the  pericardium,  is  folded  around  the  heart,  and 
the'two  serous  bags,  the  pleurae,  are  folded  around  the 

lungs. 
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Then  in  the  mucous  membrane  of  the  stomach,  just 
as  in  the  mucous  membrane  of  the  mouth,  there  are 
certain  depressions  which  we  call  glands. 

In  the  first  place,  there  are  a large  number  of  com- 
paratively simple  depressions,  which  are  chiefly  situ- 
ated at  the  left  end  of  the  stomach,  which  goes  by  the 
name  of  the  cardiac  end,  because  it  is  below  the  heart. 
The'se  depressions  secrete  a fluid  called  mucus,  and  so 
go  by  the  name  of  mucous  glands. 

Besides  that,  there  are  in  the  stomach  some  loner 
deep  depressions,  tubular  glands,  which  secrete  a special 
kind  of  fluid.  This  fluid,  because  it  is  secreted  in  .the 
stomach,  goes  by  the  name  of  gastric  juice,  and  the 
glands  are  called  gastric  glands.  This  juice  is  an  acid 
liquid,  capable  of  dissolving  certain  important  parts  of 
the  food  (parts  which  I shall  mention  more  particularly 
when  I come  to  speak  of  foods),  viz.  the  fleshy  parts, 
and  of  reducing  them  to  a condition  in  which  they  are 
capable  of  being  absorbed  into  the  blood.  The  gastric 
juice,  you  will  notice,  is  poured  out  by  glands,  which 
are  situated  at  the  end  of  the  stomach,  at  which  the 
food  goes  out.  And  so  you  see  that  even  in  our 
stomachs,  one  part  of  the  stomach  does  not  do  precisely 
the  same  thing  as  another,  and  you  have  thus  shadowed 
out  the  idea  of  the  complex  stomachs  of  certain  animals 
which  have  foods  very  difficult  to  digest.  For  instance, 
cows  and  sheep  have  several  stomachs,  i.e.  their 
stomach  has  several  distinct  compartments,  and  in 
each  certain  tilings  are  done.  We  have  one,  but  still, 
at  the  same  time,  different  parts  of  it  have  different 
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kinds  of  glands,  which  secrete  different  kinds  of  fluids 
for  different  purposes. 

When  the  food  gets  into  the  stomach,  its  contact 
with  the  walls  of  the  stomach  causes  the  muscular 
fibres  of  the  walls  to  contract,  and  the  gastric  juice  to 
he  formed,  and  it  is  not  formed  by  the  glands  without 
the  stimulus  caused  by  the  presence  of  food  in  the 
stomach.  It  is  very  fortunate  that  this  is  so,  as  otherw  ise 
it  would  digest  the  stomach  itself. 

By  means  of  the  movement  of  the  walls  of  the 
stomach,  caused  by  the  contraction  of  its  muscular 
fibres,  the  gastric  juice  that  is  secreted  by  the  glands  is 
mixed  up  with  the  food  in  the  stomach,  and  ev  cry  part 
of  the  food  is  brought  into  contact  with  the  walls  of  the 
stomach,  and  so  into  contact  with  the  gastric  juice  that 
is  being  secreted,  and  the  parts  that  the  gastric  juice 
has  acted  on  and  dissolved  flow  gradually  towards  the 
right  end  of  the  stomach,  and  there,  the  circular  fibres 
which  go  round  the  stomach,  are  packed  very  closely 
together,  and  form  what  is  called  a sphincter  muscle ; 
this  is  capable  of  contracting  and  protecting  the  open- 
ing, so  that  nothing  shall  go  out  of  the  stomach  into 
the  intestines,  and  is  also  capable  of  being  relaxed,  and 
letting  digested  food  go  out;  it  goes  by  the  name 
of  the  pylorus,  from  the  Greek  word  meaning  a gate, 
and  so  the  right  end  of  the  stomach  is  called  the 

pyloric  end. 

The  digested  parts  of  the  food  which  have  become 
liquid  pass  on  through  the  pylorus  into  the  intestines, 
and  the  parts  of  the  food  that  are  more  difficult  of  diges- 
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i tion,  and  are  not  much  acted  on  by  the  gastric  juice, 
; remain  in  the  stomach  and  get  a double  chance. 

I have  told  you  that  when  the  food  is  going  down 
through  the  gullet  into  the  stomach  the  starch  is 
changed  into  sugar,  but  if  any  of  the  starch  should  not 
have  been  changed  into  sugar  as  it  goes  down  before  it 
t gets  into  the  stomach,  no  more  is  changed  there.  The 
acid  gastric  juice  prevents  that  action  going  on,  and  the 
liquid  that  runs  out  of  the  stomach  into  the  small 
intestine  is  an  acid  liquid  that  goes  by  the  name  of 
chyme.  The  walls  of  the  small  intestines  are  very  like 
■ the  walls  of  the  stomach  or  of  the  gullet,  but  present 
i a remarkable  peculiarity.  The  inner  wall  of  the  small 
intestines,  that  is  to  say  the  mucous  membrane,  is  not 
smooth  as  it  is  in  the  gullet  or  in  the  stomach,  but  is 
folded  up  into  a large  number  of  folds,  which  run  around 
the  intestines;  the  lining  membrane  of  the  walls  of 
the  intestines  then  is  not  straight,  but  folded  up  into  a 
- large  number  of  folds.  The  effect  of  that  folding  is  to 
immensely  increase  the  surface  of  the  mucous  membrane. 
The  small  intestines  are  four  times  the  length  of  the 
body,  so  that  this  folded  mucous  membrane  is  of  very 
: considerable  length.  Besides  that,  there  is  an  immense 
number  of  little  projections  from  this  mucous  membrane ; 

• they  8°  by  the  name  of  the  villi , and  very  much 
; resemble  the  pile  of  a piece  of  velvet.  These  pro- 
jections, as  you  can  see,  immensely  increase  the 
; surface  5 they  project  so  that  the  interior  of  the  small 
intestines  is  like  a piece  of  velvet  folded  up  in  a very 
i complicated  way,  so  as  to  get  the  greatest  amount 
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of  it  into  the  shortest  space.  It  is  from  the  surface  of 
these  small  intestines  that  the  greatest  part  of  the 
absorption  of  the  nutritive  material  of  the  food,  into  the 
blood,  takes  place.  In  these  little  villi  of  the  small 
intestines  the  lymphatics  of  the  small  intestines  begin, 
and  these,  as  I have  already  told  you,  are  called  lacteals; 
outside  the  beginnings  of  the  lacteals  in  the  villi  there 
is  a network  of  capillary  blood-vessels. 

Now,  the  chyme  that  is  running  out  of  the  stomach 
goes  into  the  duodenum,  or  first  part  of  the  small  intes- 
tine, and  almost  as  soon  as  it  gets  into  the  duodenum 
there  is  a discharge  into  it  through  one  tube  of  two 
secretions  : these  secretions  are  the  bile  from  the  liver, 
and  the  pancreatic  juice  from  the  pancreas  or  sweet- 
bread. The  pancreatic  juice  very  much  resembles 
the  saliva  of  the  mouth,  and  it  and  the  bile  are  both 
alkaline,  and  when  mixed  with  the  chyme  they  make  it 
alkaline,  and  then  it  goes  by  the  name  of  chyle.  What 
do  these  two  juices  do  ? I have  just  said  that  they 
make  the  food  alkaline  instead  of  acid;  but  they  do  more; 
the  pancreatic  juice,  in  the  first  place,  acts  upon  the 
remainder  of  the  starch  that  has  not  been  acted  .on  m 
the  mouth,  and  converts  it  into  sugar,  and  both  it  and 
the  bile  together  do  another  very  important  work. 

It  will  have  been  noticed  that  no  mention  has  been 
made  of  the  fats  in  the  food  being  acted  on  m the  mout 
or  in  the  stomach,  but  when  they  reach  the  intestines, 
and  are  mixed  with  the  two  juices  just  mentioned,  iey 
are  divided  into  an  immense  number  of  exceeding  } sma 
particles  which  spread  out  through  the  wholeof  the  liquid, 
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j so  that  the  liquid  becomes  something  like  milk,  and  for 
the  same  reason,  viz.,  because  the  fat  in  it  is  divided  up 
into  an  immense  number  of  very  small  particles.  When 
you  let  milk  stand,  some  of  them  rise  to  the  surface  and 
a form  the  cream,  but  still  a sufficient  number  remain  to 
> render  it  opaque,  so  that  milk,  among  other  things,  is 
I really  an  emulsion  of  fat.  The  fat  that  is  contained  in 
the  food  is  then  reduced  by  the  two  fluids  before  men- 
r tioned  into  the  condition  of  an  emulsion ; so  that  you 
see  we  have,  when  these  fluids  have  been  mixed  thus 


with  the  food,  starch  changed  to  sugar,  the  fleshy  parts 
dissolved  by  the  gastric  juice,  and  the  fat  divided  into 
I a state  of  very  minute  particles ; the  mineral  substances, 
’ as  well,  that  are  soluble  being  already  dissolved  in  the 
liquid.  Then  that  fluid  runs  along  in  the  way  described, 

* and  gradually  passes  through  the  thin  coats  of  the  villi 
into  the  blood-vessels  of  the  villi,  and  that  which  does 
not  get  into  the  blood-vessels  passes  farther  on  into  the 
lacteals,  so  that  those  villi  catch  up  all  the  digested 

* parts  of  the  food  as  it  passes  through  this  great  length 
^ of  small  intestines ; the  particles  of  fat  pass  into  the 

lacteals  and  give  the  fluid  which  they  contain  (called 
i also  chyle)  the  milky  appearance  from  which  the 
' lacteals  derive  their  name.  You  will  say,  We  can 

* understand  that  sugar  and  other  dissolved  substances 
can  pass  through  the  epithelium  of  the  mucous  mem- 

c brane,  but  how  can  particles  of  fat  do  so  ? Suppose  you 
■ take  a bag  of  wash  leather  and  put  mercury  into  it,  and 
i squeeze  it,  that  mercury  will  ooze  gradually  through  in 
1 small  particles;  and  so  precisely  in  the  same  manner  the 
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small  particles  of  fat  gradually  work  their  way  through 
the  walls  of  the  villi  and  into  the  lacteals,  so  that  they, 
like  the  other  nutritious  parts  of  the  food,  as  they  pass 
along  through  the  small  intestines,  are  absorbed. 

Several  kinds  of  glands  are  situated  in  the  walls 
of  the  intestines.  There  are  glands  which  are  collected 
together  in  patches,  which  go  by  the  name  of  their  dis- 
coverer, and  are  called  Peyer’s  patches.  These  are  the 
glands  in  the  small  intestines  which  are  inflamed  and 
ulcerated  in  typhoid  fever,  and  in  describing  the  precau- 
tions to  be  taken  in  typhoid  fever,  I shall  beg  you  to 
bear  in  mind  that  those  glands  are  inflamed  and 

ulcerated,  and  may  form  holes. 

The  small  intestine  then  winds  about  for  a consider- 
able time,  and  at  last  ends  in  what  we  call  the  large 
intestine.  It  does  not  end  in  the  very  extremity  of 
the  large  intestine,  but  a little  way  from  the  begin- 
ning of  it,  and  the  piece  that  remains  goes  by  the  name 

of  the  ccecum,  or  blind  end. 

The  undigested  parts  of  the  food,  which  cannot  be 
absorbed,  pass  through  the  small  intestine  into  the  large 
intestine,  into  the  part  called  the  caecum,  and  just  there 
there  is  a fold  of  mucous  membrane  which  acts  as 
a valve,  so  that  the  undigested  parts  of  the  food  cannot 
get  back  again.  Prom  the  caecum  there  starts  out  a 
little  appendix,  something  like  a worm  in  shape;  this 
has  a little  tube  running  almost  up  to  its  end,  and 
connected  with  the  cavity  of  the  intestine.  This  tube, 
so  far  as  we  know,  has  no  use  at  all;  it  corresponds 
to  certain  things  which  are  of  more  or  less  importance 


NUTRITION. 


83 


in  lower  classes  of  animals,  but  although  we  have 
no  idea  of  its  use,  if  it  has  any,  it  may  do  a very 
great  deal  of  harm;  sometimes  things  that  have  not 
been  digested  get  up  into  the  end  of  this  little  tube,  and 
they  stay  there  and  set  up  irritation,  causing  inflam- 
mation, which  extends  to  the  peritoneum,  the  bag  which 
is  folded  around  the  organs  of  the  abdomen,  and  then 
death  almost  always  ensues.  Things  that  are  liable  to 
get  into  that  little  appendix  ought  not  to  be  swallowed ; 
such  things  are  the  stones  of  fruit.  A great  many 
people  die,  without  the  cause  ever  being  suspected,  from 
cherry-stones  getting  into  it. 

The  large  intestine  is  continued  from  the  caecum, 
rising  upwards  on  the  right  side  of  the  lower  part  of 
the  abdomen,  forming  what  is  called  the  ascending  colon. 
It  then  runs  across  below  the  stomach,  and  downwards 
on  the  left  side,  and  it  ends  in  a straight  piece  which 
goes  by  the  name  of  the  rectum.  The  walls  of  the  large 
intestine  are  very  much  the  same  as  those  of  the  small, 
only  that  the  muscular  fibres  running  along  it  are 
collected  in  strong  bands,  so  that  they  pucker  it  up,  and 
throughout  the  course  of  the  large  intestine  very  little 
is  done  with  the  food,  except  that  the  more  indigestible 
parts  of  it  are  passed  along  in  order  to  be  got  rid  of ; 
though  probably  a little  absorption  occurs  as  well. 


LECTURE  V. 


THE  LIVER  AND  THE  EXCRETORY  ORGANS. 

The  liver  is  the  largest  gland  in  the  body.  It  is  an 
organ  situated  on  the  right  hand  side  of  the  abdomen, 
immediately  underneath  the  diaphragm,  to  which  it  is 
attached  by  a strong  fibrous  ligament.  It  runs  from  the 
back  right  to  the  front  of  the  abdomen  close  underneath 
the  diaphragm,  and  its  front  edge  overlaps  the  stomach. 

I have  already  told  you  that  a large  portion  of  the 
blood  of  the  body,  namely,  the  blood  winch  comes  back 
from  the  walls  of  the  stomach,  the  intestines,  the  spleen, 
and  pancreas  or  sweetbread,  and  from  a great  part  of  the 
serous  bag  in  which  the  intestines  are  enveloped,  instead 
of  going  direct  into  one  of  the  vense  cava),  is  conveyed 
into  one  large  vein,  which  goes  into  the  liver. 

Now,  besides  that  vein,  an  artery  goes  to  the  liver 
from  the  aorta  or  great  artery  which  supplies  the  body. 
These  two,  the  artery  and  the  vein,  go  into  the  liver  at 

the  same  place. 

I have  just  said  that  the  liver  is  a gland,  and  I 
have  before  said  that  when  I speak  of  a gland  I mean  a 
true  gland,  and  I mean  by  a true  gland  an  organ  that  is 
formed  around  a projection  from  the  skin  or  the  mucous 
membrane  of  the  body,  or,  if  you  like,  that  has  a tube 
from  it  leading  to  the  surface  of  the  skin  or  of  the 
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mucous  membrane ; that  tube  we  call  the  duct  of  the 
gland. 

The  liver  I call  a gland,  then,  and  it  has  a duct  or 
tube  leading  to  the  surface  of  the  mucous  membrane, 
viz.,  the  mucous  membrane  of  the  small  intestines  near 
their  beginning.  That  duct  is  called  the  bile-duct.  It 
comes  from  the  liver,  and  it  comes  from  the  same  place 
where  the  vein  and  artery  enter  the  liver ; so  that  we 
have  three  vessels,  the  vein  and  the  artery  going  into, 
and  this  bile-duct  coming  out  of,  the  liver  at  the  same 
place. 

If  we  follow  them  we  find  that  they  run  through  the 
substance  of  the  liver  together,  and  that  their  branches 
run  alongside  of  one  another,  and  are  enclosed  in  the 
same  fibrous  capsule. 

We  find,  further,  that  the  portal  vein  and  the  artery 
send  out  still  smaller  branches  into  the  very  intimate 
structure  of  the  liver,  and  that  they  each  end  in  capillary 
vessels,  and  in  the  same  set  of  capillary  vessels,  between  the 
little  pieces  of  which  the  liver  is  composed,  called  by 
anatomists  the  lobules  of  the  liver. 

These  capillary  vessels  then  run  into  the  lobules 
and  are  collected  into  small  veins,  which  start  from  the 
middle  of  those  lobules  of  which  the  liver  is  composed, 
and  run  on  joining  one  another  and  forming  larger 
vems,  at  last  to  join  together  in  one  large  vein,  leaving 
the  liver  in  another  place  and  entering  the  vena  cava 
infeiior,  which  runs  close  behind  the  liver  through  the 
diaphragm  to  the  right  auricle  of  the  heart. 

The  bile-duct  is  contained  in  the  same  capsule  as  the 
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portal  vein  and  the  liver  artery,  and  begins  by  small 
branches  in  between  the  lobules  of  which  the  liver  is 
composed ; these  small  branches  run  together  and  form 
the  proper  duct  of  the  liver — the  bile-duct. 

What  goes  into  the  liver  ? In  the  first  place,  the 
arterial  blood  goes  to  the  liver  by  the  liver  artery,  just 
as  it  does  to  every  other  organ  of  the  body ; then,  in  the 
next  place,  venous  blood  goes  into  it  by  the  portal  vein. 
That  venous  blood  is  blood  that  comes  chiefly  from  the 
walls  of  the  stomach  and  small  intestines. 

You  remember  I told  you  that  in  the  small  intestines 
a very  large  proportion  of  the  soluble  matter  of  the  food 
is  absorbed  by  the  capillary  vessels  in  the  villi  of  the 
mucous  membrane. 

So  you  see  that  the  liver  is  in  the  first  place  supplied 
with  arterial  blood,  and  in  the  second  place  with  blood 
containing  a large  proportion  of  the  nutritious  parts  of 
the  food.  What  does  it  do  with  that  blood  ? The  most 
obvious  answer  is,  that  it  secretes  bile  from  it ; but  it 
does  something  else  of  far  greater  importance. 

It  is  found  that  whether  there  is  any  sugar  or  not  m 
the  blood  which  goes  to  the  liver,  this  organ  has  in  some 
way  or  another  the  property  of  preparing  from  the  blood 
a kind  of  starch,  which  goes  by  the  name  of  liver  starch, 
and  by  half-a-dozen  other  names,  and  the  liver  prepares 
at  the  same  time  another  substance,  which  is  called  a 
ferment,  and  which  is  capable  of  changing  that  starch 
soon  after  it  is  made  into  fat,  so  that  the  liver  is  a kind 
of  manufactory  of  fat ; it  is  able  to  manufacture  a kind 
of  substance  resembling  starch  out  of  the  blood,  and  to 
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store  it  up  for  future  use,  and  it  is  capable  also  of  turn- 
ing that  same  substance  into  fat.  That  is  the  first  and 
most  important  property  of  the  liver.  That  leads  us  to 
see  why  it  is  that  the  blood  that  has  been  absorbed,  con- 
taining some  of  the  most  nutritious  parts  of  the  food, 
should  go  straight  to  the  liver  and  not  first  to  the 
tissues  of  the  body  to  nourish  them. 

The  liver,  besides  this,  secretes  bile.  It  separates 
from  the  blood  a liquid  having  very  important  proper- 
ties, which  is  partly  a waste  liquid,  and  partly  useful. 
Bile  has  the  property  of  helping  the  pancreatic  juice  to 
subdivide  the  fats,  so  that  they  are  capable  of  being 
absorbed  into  the  lacteal  vessels,  and  it  contains  im- 
portant resinous  matters  which  stimulate  the  action  of 
the  intestinal  canal,  so  that  whenever  anything  occurs 
to  prevent  the  proper  secretion  of  bile  by  the  liver  the 
action  of  the  intestinal  canal  becomes  at  once  very  slug- 
gish; it  does  not  get  the  stimulus  that  the  resinous 
matters  in  the  bile  provide ; the  bile  acts  also  as  a very 
important  antiseptic,  and  when  its  secretion  is  in  any 
way  impeded,  the  food  is  very  liable  to  decomposition 
in  the  intestines.  So  you  see  that  the  liver  is  a very  im- 
portant organ. 

A great  part  of  the  bile  is  absorbed  into  the  blood, 
so  that  as  it  is  absorbed  into  the  blood  of  the  intestines, 
and  comes  back  through  the  portal  vein  to  the  liver,  it 
would  seem  as  if  certain  parts  of  the  bile  travelled  in  a 
circle  to  and  from  the  liver.  Only  a small  portion  of 
the  bile,  more  especially  the  colouring  matter,  is  excreted 
as  waste  matter. 
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The  liver  is  also  said  by  some  physiologists  to  he  one 
of  the  sources  of  the  white  corpuscles  of  the  blood.  It 
is  known  that  in  the  blood  that  leaves  the  liver  a larger 
proportion  than  usual  of  white  corpuscles  exist.  It  is 
believed  to  be  an  organ  in  which  waste  red  corpuscles 
are  got  rid  of  (because  they  waste,  just  as  all  the  other 
parts  of  the  body  do),  and  some  parts  of  the  bile  con- 
sist of  substances  of  which  these  red  corpuscles  were 
composed. 

You  see  already,  from  what  I have  told  you,  that  in 
the  liver  certain  substances  are  separated  from  the  blood, 
and  certain  substances  added  to  it. 

I will  go  on  at  once  to  speak  of  the  important  organs 
which  separate  the  waste  substances  from  the  blood; 
they  are  called  Excretory  Organs,  and  are  the  lungs, 
the  skin,  and  the  lddneys.  The  Lungs  I have  already 
described  to  you,  but  I want  to  remind  you  of  this, 
that  the  lungs  are  organs  the  interior  of  which  is  in 
connection  with  the  external  air,  organs  which  are  very 
highly  supplied  with  blood,  organs  in  which  the  blood 
is  brought  into  almost  immediate  contact  with  the 
external  air,  being  only  separated  from  it  by  a fine 
moist  membrane.  The  lungs  separate  from  the  blood, 
in  the  first  place,  waste  carbon  in  the  form  of  car- 
bonic acid.  Now  carbon,  or  charcoal,  is  a substance 
that  is  contained  in  almost  all  our  tissues,  and  in  almost 
all  our  foods,  so  that  it  is  a substance  that  is  bemg 
continually  added  to  the  body,  and  has  to  be  continually 
o-ot  rid  of.  The  amount  of  carbon,  in  the  form  of  car- 
bonic acid,  that  is  got  rid  of  by  the  lungs  of  an  adult 
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in  twenty-four  hours  is  very  nearly  eight  ounces,  or 
half  a pound.  Besides  carbonic  acid,  water,  on  an 
average  about  nine  ounces,  or  very  nearly  half  an  im- 
perial pint,  is  got  rid  of  from  the  lungs  of  each  individual 
in  twenty-four  hours,  and  also  a certain  amount  of  foul 
organic  matter. 

The  other  excretory  organs — the  skin  and  the  kid- 
neys— get  rid  of  these  same  substances,  water,  carbonic 
acid,  and  organic  matter ; and  the  kidneys,  in  addition, 
remove  large  quantities  of  mineral  salts. 

The  Skin  of  the  body  consists  of  two  chief  layers. 
The  first,  or  outer  layer,  goes  by  the  name  of  the  scarf- 
skin  or  epidermis.  It  is  insensible,  horny,  not  sup- 
plied with  blood,  dead,  and  consists  of  scales,  which  are 
continually  falling  off.  The  deeper  layer  is  very  largely 
supplied  'With  blood,  running,  of  course,  in  capillary 
vessels,  and  a certain  amount  of  exudation  from  that  is 
able  to  take  place  through  the  epidermis  or  scarf-skin. 
This  is  of  very  small  importance,  but  of  much  greater 
importance  is  the  fact  that  certain  substances  are 
separated  from  the  blood  in  the  true  skin  by  means 
of  glands.  There  is  an  enormous  number  of  glands 
situated  in  the  true  skin  of  the  body.  These  glands 
are  true  glands.  They  consist  of  structures  around 
projections  from  the  surface  of  the  skin,  and  go  by  the 
name  of  sudoriparous  or  sweat  glands,  or  perspiration 
glands. 

Each  of  these  glands  consists  of  a long  tube  that  is 
pushed  in  from  the  epidermis,  as  it  were.  It  starts  at 
the  surface  or  scarf-skin,  and  runs  through  in  a cork- 
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screw-like  fashion  into  the  true  skin,  and  is  there 
twisted  up  into  a hall,  which  contains  a very  large 
number  of  capillary  blood-vessels. 

By  these  sudoriparous  or  perspiration  glands,  a fluid 
is  secreted,  consisting  of  water  having  a very  small 
quantity  of  salt  and  organic  matter  dissolved  in  it.  It 
is  found  also  that  by  these  glands  a certain  quantity 
of  carbonic  acid  gas  is  got  rid  of  from  the  blood,  and 
that  through  them  a small  quantity  of  oxygen  gas  gets 
into  the  blood,  so  that  you  see  the  action  of  these 
glands  is  similar  to  the  action  of  the  lungs,  only  that  the 
quantities  of  the  substances  got  rid  of  are  different.  From 
the  lungs  a large  quantity  of  carbonic  acid  is  got  rid  of — 
from  the  glands  a very  small  quantity ; on  the  other 
hand,  in  twenty-four  hours,  about  twice  as  much  water 
is  ordinarily  got  rid  of  from  the  perspiration  glands  as 
from  the  lungs — i.e.,  about  eighteen  ounces.  This  amount 
varies  with  the  temperature,  exercise  taken,  etc. 

The  number  of  these  glands  that  are  found  in  the 
true  skin  varies  very  much  in  different  parts  of  the 
body,  but  altogether  there  are  two  and  a half  millions 
on  the  surface  of  the  body.  The  openings  of  their  tubes 
are  commonly  known  as  the  pores  of  the  skin. 

There  are  other  glands  in  the  true  skin  which  do 
not  perform  the  functions  just  described. 

Connected  with  the  scarf-skin  there  are  certain 
structures  in  different  parts  of  the  body  which  are  pecu- 
liar varieties  of  the  epidermis  or  scarf-skin : such  are 
the  nails  and  hairs. 

In  connection  with  the  hairs  there  are  certain  little 
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glands  called  sebaceous,  or,  if  you  like,  little  glands 
which  secrete  an  oily  fluid,  a kind  of  natural  grease  for 
the  hair  and  skin.  It  keeps  the  hair  and  skin  constantly 
lubricated.  I may  also  mention  here,  that  attached 
to  the  roots  of  the  hairs  in  the  skin  there  are  small 
involuntary  muscles,  the  object  of  which  is  clearly  to 
move  the  hairs.  They  are  capable  of  contracting  under 
certain  very  strong  stimuli,  and  when  we  say  that 
a person’s  hair  “ stands  on  end  ” when  he  is  very  much 
astonished  or  under  strong  excitement,  it  is  not  a fiction, 
but  literally  the  fact.  Any  strong  emotion  may  in- 
directly cause  the  muscular  fibres  to  contract,  and  the 
hair  to  stand  on  end. 

From  the  surface  of  the  skin,  just  as  from  the  lungs, 
besides  the  substances  that  are  got  rid  of  from  the 
blood,  heat  is  lost.  I told  you  that  a considerable  quan- 
tity of  heat  is  lost  from  the  lungs,  so,  too,  a considerable 
quantity  is  lost  from  the  surface  of  the  skin.  Now,  this 
aqtion  I have  just  described  of  the  perspiration  glands 
in  the  skin  is  an  action  of  extreme  importance,  and  so 
it  is  of  the  greatest  importance  that  we  should  keep  the 
surface  of  our  skin  continually  freed  from  the  secretion 
of  these  glands  which  is  being  continually  poured  out. 
The  action  of  these  glands  is  continually  going  on 
although  we  do  not  notice  it.  Water  is  continually 
evaporating  from  the  surface  of  the  skin. 

The  continual  action  of  these  glands  goes  by  the  name 
of  insensible  perspiration.  When  we  visibly  perspire, 
it  is  because,  from  some  reason  or  other,  these  glands 
act  more  than  usual,  and  secrete  so  much  fluid  on  the 
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surface  of  the  skin  that  it  cannot  he  got  rid  of  by  eva- 
poration as  quickly  as  it  is  formed.  It  is  of  extreme 
importance,  however,  that  it  should  not  accumulate,  and 
so  choke  up  the  pores  of  the  skin,  as  is  commonly  and 
quite  rightly  said.  If  this  is  allowed,  then  much  of 
the  action  of  the  skin  in  separating  waste  substances 
from  the  blood  is  thrown  upon  the  other  excretory 
organs — viz.,  the  lungs  and  the  kidneys — and  these 
organs  get  too  much  to  do,  and  so  become  diseased. 
This  is  one  cause  why  towards  the  latter  end  of  life 
those  organs  frequently  become  diseased.  You  can 
actually  as  certainly  kill  an  animal  by  varnishing  his 
skin  over  as  by  cutting  his  throat. 

The  Kidneys  are  two  organs  situated  in  the  abdo- 
men, one  on  each  side  of  the  vertebral  column ; their 
shape  is  well  known,  and  needs  no  description.  These 
organs  are  true  glands  ; each  has  a duct  which  in- 
directly communicates  with  the  external  air. 

If  we  cut  a kidney  across,  we  find  that  the  duct 
(which  goes  by  the  name  of  the  ureter ) is  funnel-shaped 
where  it  leaves  the  kidney,  and  pointing  into  that 
funnel-shaped  head  of  the  duct,  there  are  some  conical 
masses  of  kidney  substance ; they  go  by  the  name  of 
the  pyramids  of  the  Tcidney.  "When  these  are  examined 
very  carefully,  it  is  found  that  there  are  an  immense 
number  of  fine  tubes  running  through  them,  called  the 
tubules  of  the  kidney,  and  they  open  out  at  the  end 
of  these  pyramids,  and  run  straight  through  the  interior 
substance  of  the  kidney,  and  then  into  the  outer  part  of 
the  kidney,  where  they  twist  about  a great  deal.  Ihoe 
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tubules,  when  examined  under  a microscope,  are  found 
to  end  in  little  bags  or  capsules.  The  interior  of  these 
bags  or  capsules  is  in  indirect  communication  with  the 
external  air,  because  from  these  little  capsules  the 
tubules  of  the  kidneys  start,  and  ultimately  open,  on  the 
surface  of  the  pyramids,  into  the  funnel-shaped  begin- 
ning of  the  ureter — the  tube  which  leaves  the  kidneys 
and  which  is  indirectly  connected  with  the  external  air. 
Now,  an  artery  comes  to  each  kidney— we  will  call  it 
the  kidney  artery  ;■ — it  subdivides  into  small  branches  ; 
these  small  branches  go  through  the  substance  of  the 
kidney  until  they  come  to  the  outer  part  of  it,  and  then 
they  end  in  very  small  branches,  which  go  straight  into 
the  capsules  just  mentioned  ; each  small  branch  of  the 
artery  goes,  into  one  of  the  capsules,  and  immediately 
breaks  up  into  a bunch  of  capillaries,  forming  a little 
ball  m the  interior  of  that  capsule,  and  that  little  ball, 
as  it  were,  pushes  the  lining  membrane  of  the  capsule 
before  it,  so  that  between  that  little,  ball  of  capillaries 
and  the  interior  of  the  tubule  connected  with  the  cap- 
sule there  is  nothing  but  that  very  fine  lining  mem- 
brane. Then  the  capillaries  in  that  little  ball  run  to- 
gether, forming  a small  vein  that  goes  out  from  the 
capsule.  These  small  veins  do  not  join  together  to  form 
the  vein  that  leaves  the  kidney ; they  do  like  the  portal 
vein  they  break  up  into  capillary  vessels  surrounding 
the  tubule ; these  capillary  vessels  then  join  together 
and  form  a little  vein,  and  then  numbers  of  these  little 
veins  join  together  and  form  the  kidney  vein  which 
leaves  the  kidney. 
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Now,  I want  you  to  see  that  the  kidney  is  built 
upon  the  same  theory  as  the  other  two  excretory  organs 
— the  skin  and  the  lungs. 

In  the  kidney,  blood  is  brought  by  the  kidney  artery 
into  the  little  capillary  vessels  inside  the  capsules,  and 
so  the  blood  in  these  capillary  vessels  is  separated  from 
the  interior  of  tubes  connected  indirectly  with  the  ex- 
ternal air  merely  by  a fine,  moist  membrane.  That  is 
the  plan  of  construction  in  all  these  excretory  organs ; 
they  are  all  contrivances  by  means  of  which  blood  in 
the  capillary  vessels  is  brought  into  the  nearest  possible 
connection  with  the  external  air,  brought  into  connec- 
tion with  tubes  connected  with  the  external  air,  only 
being  separated  from  the  interior  of  these  tubes  by  a fine 
moist  membrane ; and  so  there  are  points  in  all  these 
excretory  organs  which  are  similar  — the  waste  sub- 
stances go  through  the  walls  of  capillary  vessels,  and 
through  fine  membranes  ultimately  into  the  external  air. 
By  means  of  the  kidneys,  the  following  things  are  got 
rid  of  from  the  blood  : in  the  first  place,  water,  to  the 
extent  of  about  fifty  ounces,  or  two  and  a half  imperial 
pints,  in  the  twenty-four  hours  ; that  water  contains 
certain  things  in  solution : it  contains  a substance  which 
goes  by  the  name  of  urea,  a waste  organic  substance, 
of  which  I shall  have  more  to  say  when  speaking  about 
foods;  the  kidneys  get  rid  of  this  substance  to  the 
extent  of  500  grains  in  the  twenty-four  hours,  and  of 
another  organic  body  called  uric  acid,  in  much  smaller 
quantity  : besides  this,  there  are  mineral  salts,  such  as 
common  salt,  and  carbonate  and  phosphate  of  lime,  and 
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a good  many  other  salts  of,  perhaps,  less  importance  ; so 
that  yon  see  we  get  rid  of  the  same  substances  from  the 
kidneys  as  from  the  lungs  and  skin — water,  carbonic  acid 
in  the  form  of  carbonate,  and  organic  matter  in  very  large 
quantities,  and  also  large  quantities  of  mineral  salts. 

The  quantities  I have  mentioned  are  the  average 
amounts  excreted  by  the  kidneys  of  an  adult  in  twenty- 
four  hours. 

One  more  thing  we  have  to  consider,  and  that  is  how 
this  contrivance  acts.  The  blood  is  brought  by  the  kid- 
ney artery  into  the  ball  of  capillaries,  and  the  surplus 
water  of  the  blood,  with  certain  substances  in  solution, 
exudes  from  these  capillaries  and  passes  through  the  fine 
membrane  (just  as  it  would  through  a piece  of  filtering 
paper)  into  the  tubule.  Other  matters  are  excreted 
through  the  capillaries  which  surround  the  tubule,  and 
are  then  washed  away  by  the  watery  excretion  coming 
from  the  capsule. 

A few  words  about  the  general  changes  that  go  on 
in  the  blood.  The  blood,  you  see,  is  being  continually 
renewed  from  the  nutritious  parts  of  the  food,  partly  by 
absorption  from  the  walls  of  the  small  intestines  directly 
into  the  capillary  blood-vessels  of  the  villi,  and  partly 
indirectly  by  absorption  from  the  walls  of  the  small  in- 
testines into  the  lacteal  vessels,  which,  by  means  of  the 
thoracic  duct,  convey  their  fluid  into  the  blood. 

It  is  renewed  with  nutritious  substances  from  the 
food ; the  white  corpuscles,  from  which  we  know  the 
red  ones  are  ultimately  formed,  are  continually  being 
formed  in  the  lymphatic  glands,  and  in  the  spleen,  and 
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a few  other  so-called  ductless  glands,  and  perhaps  in 
the  liver ; these  white  corpuscles  are  being  continually 
made,  and  being  added  to  the  venous  blood. 

To  this  blood  is  also  added  the  blood  that  has  been 
purified  in  the  way  I have  described  in  the  kidneys,  and 
all  this  mixture  goes  to  the  right  side  of  the  heart,  is 
then  pumped  through  the  lungs,  undergoes  the  altera- 
tion I have  described  there,  especially  loses  carbonic 
acid  and  gains  oxygen,  then  goes  to  the  left  side  of  the 
heart,  and  is  pumped  all  over  the  body  into  the  capil- 
lary vessels  in  the  tissues  ; certain  portions  of  the  blood 
exude  from  the  capillary  vessels  into  the  tissues ; each 
tissue  takes  out  what  it  requires  for  itself,  and  leaves 
the  remainder,  and,  besides  that,  adds  to  the  remainder 

the  decayed  portions  of  itself. 

Whatever  blood  is  not  taken  up  by  each  tissue  goes 
on  into  the  veins,  and  to  that  is  also  added  a certain 
quantity  of  the  waste  substance  that  comes  through  the 
capillary  walls  from  the  tissues  into  the  blood ; the  re- 
mainder, viz.,  the  fluid  that  was  not  required  by  the 
tissues,  and  some  of  the  waste  parts  of  the  tissues,  are 
taken  up  by  the  lymphatic  vessels,  and  are  conveyed  by 
them  into  the  thoracic  duct,  and  so  into  the  blood  again. 

While  all  this  is  going  on,  the  oxygen  gas  that  has 
been  absorbed  into  the  blood  through  the  lungs  is  com- 
bining, especially  in  the  capillary  vessels  in  the  different 
tissues,  with  the  substances  in  the  blood  which  are 
capable  of  combining  with  it  ; and  it  is  combining 
notably  with  certain  waste  substances  that  the  tissues 
have  added  to  the  blood ; and  I have  told  you  that 
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this  combination  is  attended  with  the  production  of 
heat  (all  chemical  combinations  are  attended  with  the 
production  of  heat),  and  this  is  the  way  in  which  the 
warmth  of  our  bodies  is  kept  up.  It  is  by  the  conver- 
sion of  this  animal  heat,  as  we  call  it,  into  various  forces, 
that  we  are  able  to  move  about,  to  think,  and  to  do  all 
the  various  acts  that  we  perform.  This  combination  of 
the  oxygen  of  the  ah’  with  substances  in  the  blood  pro- 
duces the  waste  substances  that  we  get  rid  of  by  the 
organs  I have  been  speaking  about,— by  means,  then,  of 
the  combination  of  oxygen  with  certain  substances  in 
the  blood,  heat  is  produced,  and  the  waste  parts  of  the 
tissues  of  the  body  are  converted  into  substances  which 
can  be  separated  from  the  blood  and  from  the  body  by 
means  of  the  organs  just  described. 

Xow,  a word  on  the  importance  of  the  regular  and 
proper  action  of  these  excretory  organs,  and  of  the  in- 
testinal canal.  The  former  separate  substances  from  the 
blood  that  are  hurtful  if  they  are  kept  in  the  blood. 
The  waste  substances  that  are  got  rid  of  by  the  intestinal 
canal  include  the  parts  of  the  food  that  are  not  digested, 
and  certain  secretions  from  the  intestinal  canal,  espe- 
cially from  the  large  part  of  the  intestine.  These  sub- 
stances are  injurious  if  left  in  the  body,  as  certain  por- 
tions of  them  are  reabsorbed  into  the  blood,  especially 
the  foul  organic  matter  in  them,  so  that  if  these  various 
excretory  organs  do  not  perform  their  functions  in  a 
proper  manner,  waste  substances  are  either  not  separated 
from  the  blood  or  are  reabsorbed  into  it,  and  poison  it,  and 
as  the  blood  is  distributed  to  the  various  tissues  of  the 
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■body  they  are  not  properly  nourished,  and  they  become 
degenerated,  weak,  and  incapable  of  performing  their 
proper  functions ; so  that  the  regular  action  of  these  ex- 
cretory organs  of  the  body  is  of  the  greatest  importance 
with  regard  to  health,  for  not  a single  tissue  of  the  body 
can  he  kept  in  a proper  condition  if  the  waste  substances 
are  not  got  rid  of  in  the  manner  they  should  be. 


LECTUEE  YI. 


THE  NERVOUS  SYSTEM. 

This  is  the  system  which  regulates  and  controls  the 
action  of  all  the  other  organs  of  the  body.  In  us,  and 
in  the  higher  animals  generally — he.,  vertebrate  animals 
— there  are  two  nervous  systems,  one  of  which' cor- 
responds to  the  nervous  system  in  the  lower  or  inverte- 
brate animals.  That  we  call  the  great  sympathetic 
nervous  system. 

I have  told  you  already  a little  about  it.  It  con- 
sists of  two  chains  of  nerve-cords  running  down,  one  on 
each  side  of  the  vertebral  column.  These  nerve-cords 
have  knots  upon  them  at  intervals ; knots,  which  we 
call  ganglia , and  nervous  cords  pass  from  these  ganglia 
and  form  networks  about  the  great  organs  or  viscera  in 
the  thorax  and  in  the  abdomen. 

In  connection  with  these  networks  of  cords  there 
are  other  knots  or  ganglia,  and  from  these  smaller 
nerves  are  given  off  to  the  viscera  and  to  the  walls  of  the 
blood-vessels. 

This  great  sympathetic  nervous  system,  which  I tell 
you  corresponds  to  the  only  nervous  system  in  inver- 
tebrate animals,  like  insects,  snails,  etc.,  controls  the 
actions  of  the  body,  which  we  cannot  influence  by  means 
of  our  wills,  such  as  those  of  the  involuntary  muscles 
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of  the  walls  of  the  stomach,  intestines,  and  blood-vessels, 
and  so  it  has  especial  control  over  the  organs  of  vegeta- 
tive existence. 

The  other  nervous  system  consists  of  the  brain  and 
the  spinal  cord,  and  the  nerves  connected  with  them. 

The  brain  and  spinal  cord  are  situated  in  a special 
cavity,  consisting,  you  will  remember,  of  the  cranial 
cavity,  and  the  canal,  which  runs  down  behind  the 
bodies  of  the  vertebrae,  being  formed  by  the  rings,  which 
are  themselves  formed  by  the  arches  at  the  back  of  the 
vertebrae.  This  canal  we  call  the  spinal  canal,  and  it  is 
inside  that  canal  that  the  spinal  cord  is  lodged. 

The  spinal  cord  and  brain,  besides  having  the  bony 
walls  of  this  cavity  in  which  they  are  lodged  for  their 
protection,  have  certain  membranes  surrounding  them. 
The  first  of  these  membranes  is  hard,  tough,  and  fibrous. 
It  lines  the  bony  cavities,  lying  next  to  the  bone.  Then 
there  is  a very  fine  thin  membrane,  which  closely  inv ests 
the  brain  and  the  spinal  cord  throughout,  and  dips  into 
all  the  irregularities  of  the  surface  both  of  the  brain  and 
spinal  cord.  This  fine  membrane  carries  a network  of 
very  fine  blood-vessels,  which  are  the  vessels  to  supply 
parts  of  the  brain  and  spinal  cord  with  blood.  Between 
these  two  membranes  is  a third,  which  is  a closed  sac 
of  very  fine  membrane  called  the  arachnoid  membrane, 
from  its  resemblance  to  a spider’s  web,  and  which  se- 
cretes fluid  in  its  interior.  So  you  see  these  great  nervous 
structures  are  protected  in  a most  remarkable  manner. 
In  the  first  place,  in  a bony  cavity  of  their  own,  which 
is  lined  with  a tough  fibrous  membrane,  so  that  even  it 
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part  of  the  bone  should  be  broken,  this  protects  the 
nervous  substance,  which  is  itself  invested  closely  with 
a fine  membrane,  and  between  these  two  there  is  a 
closed  sac  which  secretes  fluid  in  its  interior,  and  keeps 
the  whole  soft  and  moist.  These  are  the  investing 

structures  of  the  brain  and  spinal  cord. 

* 

In  describing  this  nervous  system,  we  will  consider 
the  spinal  cord  first. 

The  spinal  cord  begins  at  the  top  of  the  spinal  canal, 
where  it  joins  a part  of  the  brain,  and  it  extends  down- 
wards to  the  vertebrae  of  the  loins  in  the  spinal  canal,  and 
then  it  subdivides  into  a quantity  of  strands,  a kind  of 
leash  as  it  were.  The  spinal  cord  and  the  brain  are  similar 
on  the  two  sides ; they  can  be  divided  into  two  equal 
and  similar  halves ; one  side  is  just  like  the  other  side. 
If  you  take  the  spinal  cord  and  cut  it  across  and  look  at 
the  section  of  it,  you  find  that  it  is  more  or  less  oval  in 
section,  and  that  it  has  two  fissures,  one  at  the  front,  and 
one  at  the  back, — the  posterior  and  anterior  fissures,  as 
they  are  called ; the  posterior  fissure  is  rather  deeper 
than  the  anterior  one,  and  reaches  nearly  to  the  middle, 
so  that  they  almost  cut  it  into  two  halves.  And  the  next 
thing  you  see  is  that  it  does  not  look  quite  the  same  all 
through , it  is  not  composed  of  one  and  the  same  sub- 
stance all  through ; the  greater  part  of  it  is  made  up  of  a 
vhite  substance,  the  white  matter  of  the  spinal  cord ; but 
there  is  a greyish-red  substance  in  it,  disposed  similarly 
in  the  two  halves  in  such  a way  that  in  the  section  of  it 
it  looks  somewhat  crescent-shaped  in  each  half;  this 
goes  by  the  name  of  the  grey  matter  of  the  spinal  cord. 
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These  two  crescent-sliaped  patches,  as  it  were,  of  grey 
matter  are  joined  across  the  middle,  where  the  two 
fissures  do  not  meet,  by  more  of  this  grey  substance,  and 
in  the  middle  of  that  there  is  a little  canal  which  runs 
the  whole  length  of  the  spinal  cord  and  is  called  the 
central  canal  of  the  cord.  That  is  the  rough  anatomy 
of  a section  of  the  cord  in  a very  few  words. 

You  will  see  also  that  a considerable  number  of 
branches,  as  it  were,  leave  the  spinal  cord , these 
branches  are  called  nerves,  and  because  they  leave  the 
spinal  cord  they  are  called  the  spinal  nerves.  They 
leave  the  cord  similarly  on  each  side,  thus  forming  pairs, 
so  we  speak  of  pairs  of  spinal  nerves,  and  there  are 
thirty-one  of  these  pairs.  The  next  thing  that  you 
notice  about  these  nerves  is  that  each  of  them  springs 
from  the  spinal  cord  in  two  pieces;  these  pieces  are  called 
the  roots  of  the  nerve,  so  that  each  spinal  nerve  has  two 
roots ; one  of  these  roots  comes  from  the  front  and  the 
other  from  the  back  of  the  spinal  cord ; these  two  roots 
join  and  form  a single  trunk,  which  goes  by  the  name  of 
the  spinal  nerve.  Just  before  these  roots  join  there  is  a 
swelling  or  knot,  which  we  call  the  ganglion,  upon  the 
posterior  root. 

If  you  take  the  section  of  the  spinal  cord  you  find 
that  the  posterior  root  of  the  spinal  nerve  starts  from 
the  posterior  horn  of  the  crescent  of  grey  matter,  and 
that  the  anterior  root  starts  opposite  to  the  anterior  end 
of  this  crescent  of  grey  matter.  Upon  the  posterior  root 
there  is  the  swelling  or  ganglion  before  mentioned,  and 
then  the  anterior  root  joms  it,  and  they  form  the  tiunk 
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of  tlie  spinal  nerve;  and  that  is  how  each  of  these  spinal 
nerves  belonging  to  the  thirty-one  pairs  of  spinal  nerves 
is  formed. 

These  spinal  nerves,  then,  are  distributed  to  different 
parts  of  the  body.  Those  from  the  upper  part  of  the 
spinal  cord  are  distributed  chiefly  to  the  muscles  and 
skin  of  the  neck,  and  the  parts  near  to  the  neck.  Those 
a little  farther  down  are  distributed  to  the  arms — to  the 
skin,  and  to  the  muscles  of  the  arms.  Those  in  the  dorsal 
and  lumbar  regions  are  distributed  to  the  walls  of  the 
chest  and  abdomen,  both  to  the  muscles  and  the  skin ; 
while  the  lowest  of  them  form  the  largest  nerves  in  the 
body,  called  the  sciatic  nerves  (from  which  the  disease 
sciatica  gets  its  name),  which  go  to  the  lower  limbs. 

I have  told  you  that  these  spinal  nerves  are  distri- 
buted to  the  muscles  of  the  parts,  and  to  the  skin  of  the 
parts.  How,  of  what  use  are  they  ? What  is  done  by 
means  of  them  ? If  yon  take  a nerve  belonging  to  this 
system,  a branch  of  one  of  the  spinal  nerves,  in  any  part 
of  the  body  of  an  animal,  and  irritate  it  by  means  of  a 
needle,  or  in  any  other  way,  two  things  happen.  In  the 
first  place,  the  animal  feels  pain  and  shows  signs  of  it ; 
and,  in  the  second  place,  the  muscles  to  which  that  nerve 
goes  contract.  And  where  is  the  pain  felt  ? The  pain 
is  not  felt  where  the  nerve  is  irritated  at  all ; the  pain  is 
felt  in  that  part  of  the  skin  to  which  the  nerve  goes,  so 
that  if  we  have  irritated  the  trunk  of  the  nerve — say  in 
the  fore-leg  of  the  animal — the  pain  is  felt  just  as  if  you 
irritated  the  extremities  of  the  nerve  in  the  skin.  How 
suppose  you  take  the  trunk  of  a spinal  nerve  and  cut 
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it  in  two,  and  then  irritate  the  end  of  it  which  is  still  in 
communication  with  the  part  to  which  that  nerve  goes, 
hut  which  is  no  longer  in  communication  with  the 
spinal  cord,  then  only  one  thing  happens  : the  muscles  to 
which  that  nerve  goes  contract,  hut  the  animal  feels  no 
pain  whatever,  and  shows  no  sign  of  it ; suppose,  on  the 
other  hand,  you  irritate  the  end  which  is  no  longer  in 
communication  with  the  part  to  which  the  nerve  goes, 
but  which  is  still  in  connection  with  the  spinal  cord, 
then  the  animal  feels  acute  pain  and  shows  signs  of  it, 
hut  no  muscles  contract;  that  shows  you  that  the 
stimulus  which  causes  the  muscles  to  contract  travels 
along  these  nerves  from  the  spinal  cord  towards  the 
muscles  that  are  contracting,  and  by  contraction  moving 
the  different  parts  of  the  body,  and  that  the  stimulus 
which  causes  pain  travels,  on  the  other  hand,  along  these 
nerves  towards  the  spinal  cord ; and,  more  than  that,  if 
you  cut  through  a piece  of  nerve  and  irritate  the  end 
of  it  which  is  still  in  connection  with  the  spinal  cord, 
the  animal  refers  the  pain  to  the  extremities  of  the  nerve, 
just  as  if  they  were  being  irritated. 

That  shows  us  that  these  nerves  have  two  properties, 
—that  they  are  capable  of  conveying  stimuli  from  the 
spinal  cord  where  they  rise  to  the  muscles  to  which  they 
go  to  cause  them  to  contract,  and  they  are  capable  of 
conveying  stimuli  from  the  skin,  to  which  some  of  the 
branches  go,  to  the  spinal  cord ; they,  therefore,  convey 
stimuli  both  ways,  and  for  that  reason  are  called  mixed 

nerves. 

Now  let  us  go  on  to  consider  the  two  roots.  Suppose 
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that  in  an  animal  you  cut  through  the  front  or  anterior 
roots  of  some  of  the  spinal  nerves  and  leave  the  others 
alone,  what  happens  ? It  is  found  that  the  animal  is  no 
longer  capable  of  contracting  the  muscles  to  which  these 
nerves  go  by  means  of  the  will,  but  that  he  feels  pain  in 
the  parts  to  which  these  nerves  go,  just  as  he  did  before ; 
that  shows  at  once  that  the  stimulus  which  is  started  by 
means  of  the  animal’s  will  travels  through  these  anterior 
or  front  roots  of  the  nerves ; it  travels  through  them  and 
along  the  nerves  to  the  muscles  to  which  the  nerves 
go ; these  anterior  roots  are  for  that  reason  called  the 
motor  roots  of  the  nerves ; it  is  through  these  anterior 
or  front  roots  that  the  stimuli  travel  which  produce 
contraction  of  the  muscles  and  so  movement,  and  that 
can  be  proved  to  still  greater  demonstration  by  taking 
these  cut  pieces  and  irritating  with  a needle  that  part 
of  the  root  which  is  still  in  connection  with  the  nerve ; 
that  irritation  produces  no  pain  whatever,  but  the 
muscles  contract. 

Suppose,  instead  of  cutting  the  anterior  roots  of  the 
nerves,  you  cut  the  posterior  roots  of  a few  of  these 
nerves,  then  it  is  found  that  the  animal  no  longer  feels 
at  all  in  those  parts  of  the  body  to  which  the  nerves  go, 
the  posterior  roots  of  which  have  been  cut  through,  but  he 
is  perfectly  capable  of  moving  the  muscles  of  those  parts. 
Suppose,  for  instance,  you  cut  through  two  or  three  of 
the  posterior  roots  of  the  nerves  that  go  to  the  fore-leg 
of  the  animal  or  to  the  arm  of  a man,  then  the  animal  is 
perfectly  capable  of  moving  the  muscles  of  that  limb, 
but  he  is  no  longer  capable  of  feeling  in  that  limb, 
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or  in  the  parts  of  the  limb  to  which  they  go.  It  may 
be  put  into  the  fire,  into  strong  acid,  anything  may  he 
done  with  it,  and  the  animal  knows  nothing  whatever 
about  it,  so  that  the  stimuli  of  sensation  travel  along 
the  mixed  nerves  and  to  the  spinal  cord  by  means  of 
the  posterior  roots  of  those  nerves,  and  for  that  reason 
the  posterior  roots  of  the  spinal  nerves  are  called  sensory 
roots ; and  you  see  now  still  better  why  these  spinal 
nerves  go  by  the  name  of  the  mixed  nerves— they  are 
made  up  of  these  two  roots,  and  these  two  roots  have 
distinct  properties —one  of  them  conveying  stimuli  from 
the  spinal  cord  towards  the  parts  of  the  body  to  which 
the  nerves  go,  and  the  other  from  those  parts  of  the  body 
towards  the  spinal  cord,— the  one  the  anterior  or  motor 
root,  the  other  the  posterior  or  sensory  root. 

Let  us  speak  a little  about  the  properties  of  the 
spinal  cord  itself. 

If  you  cut  through  the  spinal  cord  of  an  animal 
somewhere  in  the  hack,  right  across,  then  the  annual 
has  no  longer  any  control  whatever  over  the  muscles  of 
the  parts  of  the  body  which  are  supplied  by  nerves 
coming  from  the  part  of  the  cord  below  the  cut,  and  he 
is  also  deprived  of  sensation  in  those  parts  of  the  skin 

supplied  by  the  same  nerves. 

Supposing  that,  instead  of  cutting  through  the  whole 
of  the  spinal  cord,  you  cut  through  the  front  part  of  it, 
so  as  to  cut  right  across  the  white  matter  of  the  front  of 
the  spinal  cord,  it  is  then  found  that  the  animal  is  no 
longer  capable  of  moving  any  muscles  on  either  side  of 
the  body  supplied  by  nerves  below  that  cut,  so  that  this 
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shows  that  the  stimuli  which  cause  the  movement  of 
the  muscles  of  the  body  travel  down  through  the  white 
matter  in  the  front  part  of  the  spinal  cord. 

If,  on  the  other  hand,  one  half  of  the  cord  be  cut 
through — say  on  the  right  side — then  it  is  found  that  the 
animal  has  lost  all  power  of  moving  the  muscles  of  the 
right  side  of  the  body  supplied  by  nerves  from  below 
the  cut,  so  that  the  stimuli  which  cause  the  movement 
of  the  muscles  travel  down  the  spinal  cord  upon  the 
same  side  as  the  muscles  which  are  to  be  moved.  But 
he  has  lost  sensation  on  the  other  side  of  the  body  in  the 
parts  of  the  body  supplied  with  nerves  below  that  cut,  so 
that  it  is  clear  that  the  paths  which  convey  sensation  up 
the  spinal  cord  travel  up  the  opposite  side  of  the  cord, — 
the  paths  which  convey  sensation  from  the  left  leg,  for 
instance,  up  the  spinal  cord,  travel  up  the  right  hand 
side  of  the  spinal  cord,  and  the  paths  which  convey 
sensation  from  the  right  leg  up  the  spinal  cord  travel 
up  the  left  hand  side  of  the  spinal  cord. 

I have  told  you  already,  from  the  simple  experiment 
of  cutting  through  the  white  matter  of  the  front  part  of 
the  spinal  cord,  that  the  stimuli  causing  movement 
travel  down  the  white  matter  of  the  cord.  If  you  cut 
through  the  white  matter  of  the  front  part  of  the  cord 
in  one  place,  and  the  white  matter  of  the  back  part  in 
another  place,  so  that  with  the  two  cuts  you  have  cut 
through  the  whole  of  the  white  matter,  only  in  two 
different  places,  it  is  found  that  sensation  is  not  inter- 
fered with;  so  that  it  is  clear  that  the  paths  which 
convey  sensation  in  the  spinal  cord  travel  in  the 


108 


THE  NERVOUS  SYSTEM. 


grey  matter  in  the  spinal  cord,  which,  you  have  left 
untouched. 

So  we  come  to  this,  that  the  stimuli  which  cause 
movement  and  the  stimuli  of  sensation  are  conveyed 
along  the  spinal  cord.  If  you  cut  the  spinal  cord  clean 
across,  the  conveyance  of  these  stimuli  is  stopped  alto- 
gether. That  the  stimuli  which  cause  the  movement 
of  the  muscles  are  conveyed  in  the  white  matter  of  the 
front  part  of  the  spinal  cord  towards  the  muscles  that 
are  going  to  be  moved,  and  on  the  same  side  of  the  cord 
as  the  muscles  are  that  are  going  to  be  moved ; that  the 
stimuli  'which  pass  from  the  different  parts  of  the  body 
up  the  spinal  cord  travel  up  in  the  grey  matter  of  the 
spinal  cord,  and  on  the  opposite  side  of  it. 

So  we  see  that  the  spinal  cord  is  a great  conductor 
of  impressions  to  and  from  the  different  parts  of  the 
body ; but  it  is  more  than  this.  When  you  have  cut 
through  the  spinal  cord  of  an  animal,  I have  said  that 
he  cannot  feel  anything  hi  the  parts  to  which  the  nerv  es 
below  the  cut  go,  and  that  he  cannot  move  any  of  the 
muscles  of  his  own  accord ; but  if  you  take  that  annual 
and  tickle  the  soles  of  his  feet,  or  irritate  the  skin  in 
any  way,  he  will  kick  out ; if  he  does  not  feel  how  can 
he  do  that?  It  is  not  he  who  does  it  at  all ; it  is  not  his 
will ; the  animal  shows  no  sign  of  pain,  and  does  not 
know  anything  that  is  happening  to  that  part  of  Ins 
body,  but  stiff  the  muscles  in  that  part  of  his  body  con- 
tract violently,  and  the  parts  are  moved  ; and  that  shows 
a very  remarkable  thing,  that  the  spinal  cord  itself  is 
capable  of  originating  movement,  that  it  is  capable  in 
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some  way  of  itself  interpreting  sensation  and  of  com- 
manding movements  independently  of  the  will  of  the 
animal.  Now,  movements  of  that  kind,  which  are  pro- 
duced entirely  without  the  will  of  the  animal,  go  by  the 
name  of  reflex  movements ; they  are  so  called  from  the 
idea  of  reflection.  It  seems  as  if  stimulus  applied  to 
the  skin  at  a certain  part  of  the  body  is  conveyed 
through  the  posterior  roots  of  the  spinal  nerves  to  the 
part  of  the  spinal  cord  which  is  no  longer  in  connection 
with  the  brain,  and  as  if  that  part  reflected  it  along  the 
motor  roots  of  the  nerves  to  the  muscles  to  be  moved, 
and  that  is  why  such  acts  are  called  reflex  acts. 

Eeflection  is  not  a very  accurate  simile,  because  if 
you  irritate  a part  of  the  skin,  however  small,  if  you 
irritate  a nerve,  or  a very  small  branch  of  a nerve, 
that  irritation  is  transferred  to  the  spinal  cord  along 
perhaps  only  one  of  these  nerves ; or  if  you  irritate  the 
posterior  roof  of  one  of  these  nerves . after  it  has  been 
cut  through,  not  only  the  muscles  to  which  that  nerve 
goes  contract,  as  you  would  expect  if  it  were  merely  a 
kind  of  reflection,  but  that  stimulus  is  distributed  in 
the  grey  matter  of  the  spinal  cord,  and  stimuli  are  sent 
along  many  motor  roots  on  both  sides  of  the  cord,  so 
that  a large  number  of  muscles  are  moved.  The  grey 
matter  of  the  spinal  cord,  from  being  capable  of  originat- 
ing such  movements  itself,  is  called  a nervous  centre. 
So  you  see  the  spinal  cord  has  two  different  functions  : 
it  is  a conductor  of  impressions,  both  of  stimuli  which 
produce  movement  and  of  those  which  cause  sensation, 
and  it  is  also  an  independent  nervous  centre ; and,  more 


110 


THE  NERVOUS  SYSTEM. 


than  that,  if  yon  cut  through  the  cord  in  two  places,  the 
part  that  is  left  between  the  two  places  is  an  independent 
nervous  centre,  capable  of  interpreting  sensations  that 
come  to  it,  and  sending  messages  along  the  anterior  roots 
of  the  nerves  connected  with  it  to  the  muscles  to  which 
they  go,  and  causing  them  to  contract.  Now  you  see 
what  we  mean  when  we  speak  of  a nervous  centre. 

These  nerves  that  I have  been  speaking  about  are 
made  up  of  bundles  of  fibres,  nerve  fibres,  and  each  of 
these  nerve  fibres  can  be  shown  to  consist  of  a little 
tube  with  a little  thin  cord  running  down  its  centre 
inside  of  it.  The  nerves  are  made  up  of  these  bundles 
of  nerve  fibres,  and  you  will  see  at  once  that  these  nerve 
fibres  bear  a strict  analogy  in  their  construction  to  the 
telegraph  wires  which  are  laid  down  under  the  streets, 
and  consist  of  copper  wire  with  a coating  of  gutta-percha. 
The  white  matter  of  the  spinal  cord  is  made  up  also  of 
these  nerve  fibres  running  the  whole  length  of  the  spinal 
cord.  The  grey  matter  is  made  up  of  large  irregular  star- 
shaped  bodies,  which  go  by  the  name  of  nerve  cells. 
Now  I have  made  a comparison  with  the  electric  tele- 
graph,  and  you  will  see  from  what  I have  already  told 
you,  how  far  that  comparison  holds ; it  holds  to  a very 


large  extent.  . . 

When  the  skin  of  a part  of  the  body  is  irritated,  a 

message  is  started  along  the  nerves  up  to  the  spinal 

cord  ■ it  goes  into  the  grey  matter  which  we  call  the 

nervous  centre  of  the  spinal  cord;  that  grey  matter  is 

like  a telegraph  office : it  takes  note  of  this  message,  and 

then  it  sends  messages  along  the  fibres,  which  go  through 
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the  anterior  roots  of  certain  spinal  nerves  to  the  muscles 
to  which  these  nerves  go,  and  causes  them  to  contract. 

Now,  the  spinal  cord  at  its  upper  part  joins  the 
brain,  and  the  part  of  the  brain  that  it  joins  appears 
like  a direct  continuation  of  the  spinal  cord ; that  part 
goes  by  the  name  of  the  medulla  oblongata  or  prolonged 
marrow. 

Several  very  important  nerves,  which  I shall  have 
to  speak  of  bye  and  bye,  rise  from  it. 

The  fibres  of  the  anterior  columns  of  white  matter, 
along  which  the  stimuli  which  cause  the  muscles  to 
contract  travel,  cross  one  another  in  the  medulla. 

The  little  central  canal  of  the  cord  opens  out  into  a 
wide  cavity  on  the  posterior,  or  rather  upper  surface  of 
the  medulla  oblongata.  This  wide  cavity  is  covered  by 
the  middle  part  of  the  small  brain  or  cerebellum,  which 
is  at  the  lower  part  of  the  back  of  the  head,  and  has 
two  halves  which  are  precisely  similar. 

In  the  brain  there  are  certain  cavities  which  go  by 
the  name  of  ventricles,  and  the  cavity  just  underneath 
the  small  brain  and  above  the  prolonged  marrow  is 
called  the  fourth  ventricle ; then  at  the  upper  part  of 
the  prolonged  marrow,  nerve  fibres  cross  over  from  one 
side  of  the  small  brain  to  the  other,  forming  the  bridge 
or  pons,  and  the  fibres  which  have  run  up  the  spinal 
cord,  right  through  the  prolonged  marrow,  run  underneath 
these  fibres  that  cross  over  and  between  them,  and  then 
emerge  beyond  in  two  bundles.  These  bundles  go  by 
the  name  of  the  legs  of  the  brain ; one  bundle  goes  to 
each  side  of  the  great  brain  or  cerebrum,  and  their  fibres 
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run  on  through  certain  large  bodies  in  the  lower  part  of 
the  brain,  which  we  call  the  ganglia  at  the  base  of  the 
brain,  consisting  partly  of  grey  matter  and  partly  of 
white  matter,  so  that  you  see  now  that  these  ganglia  at 
the  base  of  the  brain  are  connected  by  fibres,  which  run 
right  down  through  the  spinal  cord  into  the  spinal 
nerves  of  the  different  parts  of  the  body ; and  from 
what  I said  just  now  you  will  see  that  the  fibres  which 
form  the  right  anterior  column  of  the  cord  come  from 
the  left  side  of  the  brain,  and  vice  versa;  so  that  injury 
to  one  side  of  the  brain  causes  paralysis  of  the  other  side 
of  the  body.  Surrounding  the  ganglia  at  the  base  of 
the  brain,  there  is  the  large  mass  of  brain  proper. 
Now  this  large  mass  of  substance,  unlike  the  spinal 
cord,  which  is  white  outside  and  grey  inside,  has 
the  grey  matter  outside  and  the  white  matter  inside, 
and  this  is  true,  both  of  the  large  brain  and  the  small 
brain.  The  surface  of  this  grey  matter  and  also  the 
quantity  of  it  is  increased  very  considerably  by  a device, 
viz.  by  the  doubling  of  the  surface  of  the  brain  into  a large 
number  of  folds,  which  go  by  the  name  of  the  convolutions 
of  the  brain,  and  are  separated  from  one  another  by 
furrows.  The  two  halves  of  the  great  brain,  like  the 
two  halves  of  the  small  brain,  are  connected  together 
by  the  fibres  which  run  across.  These  fibres  form  a 
thick,  hard,  white  body,  that  joins  the  right  side  of  the 
brain  to  the  left,  and  so  these  two  sides  of  the  brain  are 
in  continual  communication  with  one  another.  If  it  were 
not  for  the  band  of  white  fibres  and  one  or  two  other 
structures,  one-half  would  be  separated  from  the  other. 
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The  grey  matter  on  the  outside  of  the  brain  is  con- 
nected, by  means  of  the  white  matter  beneath  it,  with 
the  ganglia  at  the  base  of  the  brain,  and  these  ganglia 
are  connected  by  means  of  fibres  which  pass  through 
the  two  legs  of  the  brain,  with  the  prolonged  marrow  and 
the  spinal  cord,  and  so  by  means  of  the  nerves  with  the 
different  parts  of  the  body. 

From  the  brain,  just  as  from  the  spinal  cord,  nerves 
start ; these  were  divided  by  the  old  anatomists  into 
nine  pairs,  because  they  pass  out  of  the  skull  by  nine 
openings  on  each  side ; the  old  anatomists  considered 
that  the  nerves  that  pass  through  one  hole  belong  to 
one  another,  and  so  they  counted  nine  pairs  of  nerves. 
Now  they  are  divided  into  twelve  pairs.  I am  not  going 
to  tell  you  all  the  pairs  of  these  nerves,  but  I will  tell 
you  of  one  or  two  of  the  more  important  ones. 

The  first  pair  of  these  cranial  nerves  are  called  the 
olfactory  nerves;  they  go  to  that  part  of  the  nose  in 
which  the  organ  of  smell  is  situated ; they  are  the  nerves 
by  which  the  stimuli  which  cause  the  sensation  of  smell 
are  conveyed  to  the  brain. 

These  nerves  do  nothing  else ; no  muscles  are  caused 
to  contract  by  means  of  them,  and  no  other  kind  of 
sensation  than  that  of  smell  is  conveyed  by  them,  so  you 
see  here  we  have  a different  class  of  nerves,  all  the  spinal 
nerves  having  two  properties  ; muscles  were  moved  by 
means  of  them,  and  sensations  were  conveyed  by  means 
of  them.  The  second  pair  of  nerves  start  one  from  each 
side  of  the  brain ; they  join  one  another,  or  rather  are 
connected  together  by  a band  of  nerve  fibres,  and  then 
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pass  forwards,  one  to  each  eyeball.  These  are  the 
nerves  which  belong  to  the  sense  of  sight ; they  are 
called  the  optic  nerves,  because  they  convey  the  sense 
of  sight  to  the  brain,  they  do  nothing  else  whatever. 
These  first  two  pairs  of  nerves  are  examples  of  purely 
sensory  nerves.  The  third  pair  are  the  nerves,  by  means 
of  which  most  of  the  muscles  which  move  the  eyes  are 
made  to  contract.  The  fourth  and  sixth  pairs  supply 
those  muscles  which  move  the  eyeball,  and  which  are 
not  supplied  by  the  third  pair.  In  the  third,  fourth, 
and  sixth  pairs  of  nerves  we  have  examples  of  nerves 
which  only  influence  muscles. 

The  fifth  pair  of  nerves  are  the  largest  pair  of  nerves 
which  start  from  the  brain,  and  they  resemble  spinal 
nerves  in  that  each  of  them  has  two  roots, — a motor  root 
and  a sensory  root,  with  a ganglion  upon  the  latter ; 
they  are  mixed  nerves,  motor  and  sensory.  They  supply 
the  skin  of  all  the  face,  the  mucous  membrane  of  the 
mouth  and  nose,  the  teeth,  and  certain  muscles  of  the 
upper  and  lower  jaws. 

I have  mentioned  the  sixth  pair  already  ; the  seventh 
pair  of  nerves  are  called  the  facial  neives,  because  they 
supply  the  muscles  of  the  face  ; they  are  purely  motor 

nerves. 

The  eighth  pair  were  counted  as  part  of  the  seventh 
pair  by  the  old  anatomists,  and  are  the  nerves  which  go 
to  the  organs  of  hearing,  conveying  the  sensation  of 
hearing  from  the  organs  of  hearing  to  the  brain ; they 
are  called  the  auditory  nerves,  and  are  purely  sensory. 

Now,  I need  not  go  on  mentioning  all  these  nerves, 


THE  NERVOUS  SYSTEM. 


115 


but  the  nerves  of  one  more  pair  are  so  important  that  I 
must  speak  to  you  about  them.  One  pair  of  the  nerves 
which  rise  from  the  medulla  oblongata,  leave  the  brain 
and  go  to  other  parts  of  the  body  than  the  head ; these 
nerves  go  by  the  name  of  the  pneumogastric  or  the  vagus 
nerves,  from  their  wandering  course ; they  supply  the 
larynx  in  which  the  voice  is  formed,  part  of  the  pharynx, 
the  windpipe,  the  oesophagus  or  gullet,  the  lungs,  and 
going  along  by  the  oesophagus,  pass  through  the  dia- 
phragm and  supply  the  stomach ; they  also  give  branches 
to  the  heart.  So  you  see  that  they  are  extremely  im- 
portant nerves.  They  go  a long  way,  and  supply  im- 
portant organs — the  heart,  the  lungs,  the  oesophagus, 
the  larynx,  the  stomach,  and  others,  and  that  is  one  of 
the  reasons  why  the  medulla  oblongata,  from  which 
they  start,  is  such  an  extremely  important  part  of  the 
nervous  system. 

You  may  cut  off  the  brain  of  an  animal  entirely,  so 
long  as  you  leave  the  medulla  oblongata  untouched,  and 
he  will  go  on  living ; he  has  no  senses,  but  lives  for 
some  time,  because  this  pair  of  nerves  which  supply  the 
heart,  the  lungs,  the  stomach,  etc.,  is  left  untouched. 

Not  only  so,  but  fibres  from  all  the  cranial  nerves, 
except  the  first  two  pairs,  have  been  traced  into  the 
medulla  oblongata. 

The  small  brain  has  the  property  of  co-ordinating 
the  muscles  on  the  two  sides  of  the  body ; of  causing  the 
muscles  of  the  body  to  act  in  concert  with  one  another. 
When  the  small  brain  is  injured  the  animal  does  not 
walk  straight,  but  twists  round  and  round. 
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The  ganglia  at  the  base  of  the  brain  are  nerve 
centres,  wliich  are  capable  of  acting  independently  of 
the  will ; they  are  connected  with  most  of  the  nerves 
that  belong  to  the  brain. 

Now,  we  know  that  reflex  actions  are  capable,  of 
being  performed  by  the  spinal  cord  independently  of 
the  will ; such  actions  are  also  capable  of  being  per- 
formed by  means  of  the  nerves  which  belong  to  the 
brain.  For  instance,  when  we  see  a flash  of  lightning, 
or  when  a lighted  candle  is  passed  near  to  our  eyes,  we 
wink  unconsciously.  And  not  only  so,  but  if  you  pass 
something  quickly  in  front  of  a person’s  eyes  it  will 
make  him  wink ; he  cannot  help  it,  even  if  he  tries  to ; 
so  that  is  an  action  which  occurs  not  only  independ- 
ently of,  but  even  in  spite  of,  the  will,  and  is  a purely 
reflex  action.  It  is  produced  by  the  stimulus  travelling 
along  the  optic  nerves  from  the  eyes  to  the  ganglia  at 
the  base  of  the  brain,  causing  the  sense  of  something 
coming  too*  near  the  eyes,  upon  which  these  ganglia 
at  the  base  of  the  brain  immediately  start  a stimulus 
along  the  nerves  which  go  to  the  muscles  of  the 
upper  eyelids,  causing  these  muscles  to  contract  and 
pull  down  the  eyelids  ; that  is  a reflex  action  performed 
by  the  brain,  and  entirely  independently  of  the  will  of 
the  animal,  so  that  these  ganglia  at  the  base  of  the 
brain  are  capable  of  originating  actions,  movements, 
without  our  knowing  anything  about  it. 

Which,  then,  is  the  part  of  the  brain  that  has  to  do 
with  consciousness  ? It  is  the  grey  matter  on  the  sur- 
face of  the  brain.  In  it  resides  our  will,  and  all  our 
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higher  powers  as  animals.  As  we  ascend  in  the  scale 
of  animals  that  grey  matter  becomes  more  and  more  in 
extent,  the  convolutions  of  the  grey  matter  become 
more  complicated,  and  it  has  even  been  distinctly  shown 
that  men  of  transcendent  ability  have  been  found  to 
possess  brains,  not  only  of  great  weight,  but  with  an  ex- 
tremely complicated  surface,  and  so  a greater  quantity 
of  grey  matter  on  the  surface  of  the  brain ; so  that  we 
have  no  doubt  at  all  that  the  grey  matter  is  the  centre 
from  which  all  the  impulses  which  we  know  anything 
about  are  started,  and  investigations  have  been  in  pro- 
gress for  finding  out  the  parts  of  the  body  controlled  by 
the  different  parts  of  this  grey  matter. 

A word  about  phrenology.  By  phrenology  people 
pretend  to  tell  you  the  character  of  a man  by  the 
examination  of  his  skull.  Now,  if  they  could  examine 
his  brain,  and  find  out  what  these  different  parts  of 
the  brain  do,  there  would  be  some  sense  in  it,  but 
they  do  it  by  the  shape  of  the  skull.  I will  tell 
you  a fact  that  is  a very  hard  one  for  phrenologists, 
and  that  is,  that  there  is  no  one  part  of  the  brain 
which  is  always  underneath  a fixed  part  of  the  skull ; 
you  cannot  put  your  finger  on  any  part  of  the  head 
and  say  what  part  of  the  brain  is  under  it,  so  that 
if  the  biain  has  anything  to  do  with  character,  it  is 
clear  that  you  cannot  tell  a character  by  means  of  the 
skull.  There  is,  however,  something  in  physiognomy ; 
there  is  no  doubt  that  a trace  of  character  can  be  seen 
generally  in  the  delineations  of  the  face,  and  different 
parts  of  the  body ; and  I might  almost  say  that  scien- 
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tific  deductions  have  been  drawn  from  the  study  of 
features ; but  what  I want  to  point  out  to  you  is  that 
you  can  draw  no  conclusion  as  to  a person’s  character, 
except  in  the  roughest  way,  from  humps  on  his  skull. 

Now,  I hope  you  have  all  gathered  from  this  lecture 
that  the  nervous  system  is  made  up  of  a series  of  con- 
trivances which  consist  of  nerve  fibres  going  to  and  from 
nerve  centres  : fibres  along  which  stimuli  go  towards 
the  nerve  centres  are  called  afferent  fibres,  and  those 
along  which  stimuli  travel  from  the  nerve  centres 
towards  parts  of  the  body,  are  called  efferent  fibres. 
The  whole  of  the  nervous  apparatus  of  the  body  is  made 
up  of  elements,  each  consisting  of  an  afferent  fibre,  a 
nerve  centre,  and  an  efferent  fibre. 

When  you  have  a reflex  action  it  is  because  a 
stimulus  has  come  from  some  part  of  the  body  to  a 
nerve  centre,  which  stimulus  is  then  started  (generally 
being  communicated  to  other  nerve  centres  with  which 
that  is  in  connection)  along  efferent  fibres  to  certain 
muscles,  which  are  caused  to  contract.  That  is  the 
whole  theory ; it  is  built  up  entirely  upon  that  plan. 

The  ganglia  at  the  base  of  the  brain  are  connected 
by  nerve  fibres  with  the  spinal  cord,  and  thus  by  the 
spinal  nerves  with  different  parts  of  the  body,  as  well 
as  with  parts  of  the  head  by  cranial  nerves.  Stimuli 
come  along  these  nerves,  and  ultimately  reach  the  ganglia 
at  the  base  of  the  brain.  Now,  if  a purely  reflex  action  is 
produced,  it  is  because  one  of  these  ganglia  at  the  base 
of  the  brain  sends  stimuli  along  efferent  fibres  to  parts 
that  are  to  be  moved,  and  the  animal  knows  nothing 


THE  NERVOUS  SYSTEM. 


119 


about  it.  Such  are  most  of  the  movements  that  I have 
been  making  during  this  lecture  (unless  when  looking 
for  a piece  of  chalk  or  a duster) ; they  have  been  purely 
reflex  actions,  not  natural  reflex  actions,  because  I could 
not  have  made  them  when  I was  born;  they  were 
acquired  reflex  actions,  and  performed  in  obedience  to 
orders  from  the  ganglia  at  the  base  of  the  brain,  without 
my  knowing  anything  about  it.  When  the  will  comes 
into  play,  it  is  because  the  ganglion  at  the  base  of  the 
hrain  which  receives  the  stimulus,  sends  stimuli  through 
the  white  matter  of  the  brain  to  the  nerve  centres  in 
the  grey  matter  on  the  surface  of  the  brain,  from  which 
a stimulus  is  sent  back  to  another  of  these  ganglia,  and 
then  that  ganglion  sends  the  stimulus  on  to  the  part  to 
be  moved.  Suppose  I find  my  finger  touching,  by  acci- 
dent, the  chimney  of  this  gas-light,  a stimulus  is  sent, — 
a sensation  of  heat  is  conveyed  along  the  nerves  of  my 
arm  through  their  posterior  roots, — into  the  spinal  cord, 
up  the  grey  matter  of  the  spinal  cord  to  the  ganglia  at 
the  base  of  the  brain,  and  a stimulus  is  sent  from  the 
ganglia  to  certain  muscles  that  move  my  arm ; they 
contract,  and  my  hand  is  withdrawn  before  I know  it ; 
but  if  I determine  to  hold  it  there,  then  the  sensation 
comes  to  the  ganglia  at  the  base  of  the  brain,  and  is 
sent  from  them  through  the  white  fibres  to  the  grey 
matter  on  the  surface  of  the  brain,  in  which  my  will, 
somehow  or  other,  resides,  or  by  means  of  which  it 
manifests  itself ; that  grey  matter  sends  a command  to 
the  ganglia  at  the  base  of  the  brain,  to  cause  these 
muscles  to  still  contract,  and  keep  my  hand  against 
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the  hot  place;  that  is  the  difference  between  reflex 
actions  and  the  actions  performed  by  the  will ; but  you 
see  that  the  plan  of  the  apparatus  is  the  same,  the 
nervous  “ element  ” being  simply  doubled. 

We  know,  for  many  reasons,  that  the  higher  powers, — 
intelligence,  consciousness,  will,  and  so  on, — reside  in  the 
grey  matter  on  the  surface  of  the  brain ; if  this  grey 
matter  on  the  surface  of  the  brain  be  removed  the 
animal  loses  all  consciousness,  and  also  pressure  upon 
the  grey  matter  on  the  surface  of  the  brain  causes 
unconsciousness.  In  young  infants  the  bones  of  the 
skull  do  not  meet  together ; there  are  spaces  left  where 
the  bones  are  joined  by  membranes,  and  a good  many 
nurses  are  in  the  habit,  when  children  are  peevish  from 
indigestion  or  teething,  of  pressing  their  fingers  on  these 
membranes,  which  prevents  them  crying,— not  because 
it  cures  the  indigestion  or  the  teething,  but  because 
it  makes  the  children  more  or  less  unconscious,  and 
insensible  to  pain. 

One  other  thing,  and  that  is  the  last.  This  grey 
matter,  in  which  movements  are  originated,  and  sensa- 
tions received  and  interpreted,  which  seems  to  command 
and  arrange  everything,  is  itself  insensible. 
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ORGANS  OF  THE  SENSES. 

Let  us  now  consider  the  organs  by  which  the  brain  and 
spinal  cord  are  put  into  communication  with  the  outer 
world,  which  receive  impressions  from  the  outer  world 
(impressions  which  are,  if  you  like,  caused  by  contact 
of  some  kind  or  other  with  the  outer  world),  and  from 
which  those  stimuli  are  conveyed,  by  means  of  nerves, 
to  the  great  nervous  centres,  producing  what  we  call 
sensations. 

But  before  speaking  of  the  organs  of  the  special 
senses,  I want  to  draw  your  attention  to  the  fact,  that 
there  are  certain  general  sensations  that  have  no  parti- 
cular locality  ; for  instance,  we  have  the  sensations  of 
hunger,  thirst,  restlessness,  fatigue,  and  a number  of  other 
sensations  which  depend  on  states  of  the  nervous  system, 
sensations  that  do  not  belong  to  any  particular  part  of 
the  body,  general  sensations.  Then  there  is  the  so- 
called  muscular  sense,  which  is  localised  in  a special 
apparatus.  People  who  are  accustomed  to  deal  with  a 
particular  kind  of  article  are  able,  by  taking  up  a certain 
quantity  of  it,  to  say  very  nearly  its  weight.  That  is  due 
to  a sense  which  has  been  called  the  muscular  sense.  I 
may  make  the  matter  simpler  in  this  way.  Suppose  I 
put  my  hand  on  the  table,  and  put  this  sheet  of  paper 
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on  it,  1 can  feel  the  paper  on  it ; that  is  due  to  one  of 
the  special  senses  ; hut  suppose  I put  on  this  piece  of 
paper  a weight,  now  I not  only  feel  that  there  is  some- 
thing on  my  fingers,  hut  I feel  that  there  is  something 
I have  to  resist,  to  hold  up  ; and  this  sensation  is  due 
to  the  muscular  sense,  by  means  of  which  we  are  able  to 
judge  of  weights. 

We  will  now  pass  on  to  the  five  special  senses. 

There  is  one  of  these  special  senses,  and  only  one, 
which  is  not  confined  to  the  head.  The  sense  of  touch 
is  possessed  by  the  skin  all  over  the  body,  so  you 
see  that  the  skin  is  not  merely  a great  excreting  organ, 
nor  merely  a covering  which  protects  the  softer  organs 
beneath  it,  but  is  an  important  organ  of  special  sense. 

Now,  in  the  skin,  in  the  papillae  of  the  skin,  the 
elevations  that  are  found  on  the  surface  of  the  true  skin, 
underneath  the  scarf-skin  or  epidermis,  the  ends  of  the 
sensory  fibres  of  the  spinal  nerves  are  found;  these 
sensory  fibres  end  in  various  ways  in  the  papillae ; and  in 
the  parts  which  are  specially  endowed  with  what  we 
call  tactile  sensibility  (as,  for  instance,  the  tips  of  the 
fingers),  they  end  in  little  spindle-shaped  bodies  which 
are  called  tactile  corpuscles. 

I want  you  to  see  how  this  apparatus  acts.  When 
we  touch  an  object  we  touch  it  with  part  of  our  skin, 
and  not  with  the  ends  of  the  sensory  nerve  fibres  which 
belong  to  that  part  of  the  skin. 

That  is  an  exceedingly  important  thing  to  bear  in 
mind  ; we  touch  an  object  with  the  epidermis,  or  scarf- 
skin  that  is  in  contact  with  the  papillae  beneath,  in 
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which  these  sensory  fibres  end.  When  we  touch  an 
object  the  extremities  of  the  nerves  are  not  brought 
into  contact  with  the  object  ; and  we  shall  find  that 
this  is  true  of  all  the  organs  of  special  sense  ; that  the 
stimulus  from  the  external  world  is  not  applied  directly 
to  the  nerve  itself,  but  to  some  modification  of  the 
epidermis  or  epithelium.  If  we  lay  bare  some  part  of 
the  skin,  and  the  extremities  of  the  sensory  fibres  of  the 
nerves  touch  the  objects,  we  do  not  get  in  our  brain  the 
sensation  of  touch,  but  that  of  pain.  If  we  irritate  in 
any  way  directly  the  sensory  fibres  of  the  nerves,  we  do 
not  get  the  special  sensation  that  these  nerves  ordinarily 
convey,  but  we  get  a sensation  of  pain. 

Those  nerves  that  belong  to  the  sense  of  touch  also 
convey  other  sensations  of  a somewhat  different  char- 
acter— the  sensations  of  heat,  cold,  etc. ; and  the  same 
thing  is  true  of  these  also,  if  we  apply  the  exposed  ends 
of  the  sensory  fibres  of  the  nerves  to  heat  or  cold,  we  do 
not  get  the  sensation  of  heat  or  cold,  but  the  sensation 
of  extreme  pain ; and  the  sensation  is  precisely  the  same 
whether  we  put  them  against  an  extremely  hot  or  an 
extremely  cold  object.  Persons  who  touch  an  extremely 
cold  object,  and  do  not  know  what  they  are  touching, 
think  it  is  red  hot. 

Now,  the  sense  of  touch  is  not  equally  developed 
all  over  the  different  parts  of  the  body ; it  is  ex- 
tremely developed,  as  you  would  expect,  at  the  ends  of 
the  fingers,  where  the  tactile  corpuscles  are  very  nu- 
merous. If  you  take  a pair  of  compasses,  and  put  their 
points  a tenth  or  a twelfth  of  an  inch  apart,  and  touch 
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the  tip  of  your  finger  with  them,  you  will  feel  the  points 
of  these  compasses  as  two.  If,  on  the  other  hand,  you 
put  them  against  the  cheek,  with  the  legs  of  the  com- 
passes half-an-inch  apart,  you  will  find  that  the  two 
points  feel  like  one,  because  the  sense  of  touch  in  the 
skin  of  the  cheek  is  developed  to  a much  less  extent 
than  it  is  at  the  tips  of  the  fingers.  Similarly,  if  you 
put  the  compasses  on  the  skin  of  the  back  of  a person, 
with  the  points  as  much  as  2J  inches  apart,  even  then 
the  two  points  cannot  be  distinguished  from  one  another ; 
so  that,  you  see,  the  sense  of  touch  is  not  equally  deve- 
loped all  over  the  body.  Although  the  skin  of  the  body 
is  an  organ  of  special  sense,  the  organ  of  touch,  and 
although  that  sense  is  developed  all  over  the  body,  it 
seems  as  if  the  sensory  nerve  fibres  in  different  parts  of 
the  skin  do  duty  for  a much  larger  area  of  the  skin  in 
one  part  than  in  another. 

Let  us  pass  on  from  the  sense  of  touch  to  the  two 
senses  that  are  very  nearly  akin  to  it — the  senses  of 
taste  and  of  smell.  The  sense  of  taste  is,  indeed,  a very 
slight  modification  of  the  sense  of  touch.  On  the  sur- 
face of  the  tongue,  the  special  organ  of  this  sense,  there  are 
a large  number  of  papillse  of  three  different  kinds,  many 
of  them  so  large  that  you  can  see  them  perfectly  well  by 
putting  your  tongue  out  before  a looking-glass.  In  these 
papillse,  just  as  in  the  papillse  of  the  true  skin  all  over 
the  body,  the  fibres  of  the  two  sensory  nerves  that  belong 
to  the  special  sense  of  taste  end  ; and  they  are  not 
exposed  on  the  surface  of  the  mucous  membrane  cover- 
ing the  tongue  ; their  ends  are  in  these  papillse,  which 
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are  covered  by  the  epithelium,  the  fine  membrane  which 
covers  all  the  internal  organs  of  the  body  that  communi- 
cate with  the  external  air.  They  are  covered  with  the 
epithelium  just  as  the  papillae  of  the  true  skin  are 
covered  with  the  epidermis  or  scarf-skin  ; and  so,  the 
objects  that  are  tasted  stimulate  these  nerves  to  con- 
vey certain  sensations  to  the  brain,  which  the  brain  in- 
terprets as  taste  ; these  objects  do  not  touch  the  extremi- 
ties of  the  nerves. 

Now,  as  to  the  sense  of  smell, — 

You  will  remember  that  I told  you  in  the  last 
lecture,  that  of  the  twelve  pairs  of  cranial  nerves  that 
leave  the  brain  the  first  pair  are  devoted  to  the  sense  of 
smell,  and  have  no  other  office  to  perform. 

These  nerves  lie  along  the  upper  surface  of  one  of 
the  bones  of  which  the  skull  is  made  up,  which  bone  is 
pierced  with  a large  number  of  small  holes  ; branches 
from  the  nerves  pass  through  these  small  holes  down 
into  the  upper  part  of  the  cavities  of  the  nose,  and  they 
are  distributed  to  the  mucous  membrane  which  lines 
those  upper  cavities. 

I told  you,  when  speaking  about  breathing,  that  the 
breathing  or  respiratory  passage  passed  through  the 
nostrils  along  the  lower  part  of  the  cavities  of  the  nose 
into  the  cavity  at  the  back  of  the  mouth,  which  we  call 
the  pharynx.  The  nerves  which  belong  to  the  special 
sense  of  smell  are,  then,  distributed  to  the  mucous 
membrane  of  cavities  which  are  in  close  connection 
with  the  respiratory  passages  in  the  nose,  being,  in  fact, 
just  above  them  and  communicating  directly  with  them, 
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and  as  the  bodies  that  are  capable  of  exciting  the  sense 
of  smell  come  to  us  in  the  air  that  we  breathe,  you  will 
see  that  that  is  precisely  the  position  in  which  you  would 
expect  the  extremities  of  those  nerves  to  he  placed. 

As  the  air  passes  along  the  lower  cavities  of  the 
nose  some  small  quantity  of  it  gets  into  the  upper 
cavities  ; if  the  air  that  we  breathe  contains  a consider- 
able quantity  of  particles  that  are  capable  of  exciting 
these  nerves,  they  convey  to  the  brain  the  sensation  of 
smell.  If,  for  instance,  the  air  is  loaded  with  attar  of 
roses,  then  as  it  passes  along  the  respiratory  passage 
sufficient  particles  of  that  scent  will  get  into  the  upper 
cavities  of  the  nose,  and  will  stimulate  the  extremities  of 
those  nerves  through  the  epithelium  which  covers  them. 
If  the  air  is  only  lightly  charged  with  particles,  we 
draw  air  forcibly  into  the  nose,  so  that  more  of  it  than 
usual  gets  into  the  upper  cavities  of  the  nose,  and 
brings  the  particles  that  are  capable  of  irritating  the 
nerves  of  smell  into  contact  with  the  mucous  membrane  ; 
hut  mind  the  extremities  of  these  nerves  are  not  directly 
exposed  to  the  particles  which  produce  the  sensations 
of  smell ; the  extremities  of  these  nerves  end  in  mucous 
membrane,  which  is  covered  by  the  epithelium,  and 
when  substances  are  brought  into  the  nose  that  are 
capable  of  destroying  the  epithelium,  such  as  strong  acid 
vapours,  they  do  not  produce  a sensation  of  smell,  but 

one  of  pain. 

Now  you  see  in  tliese  senses  that  I have  described 
we  have  lmd  direct  contact  of  the  sensory  apparatus 
with  external  objects. 
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But  the  organs  of  the  other  two  senses  are  contriv- 
ances for  taking  note  of  certain  kinds  of  movements 
which  occur  outside  of  us,  and  enabling  such  move- 
ments to  produce  stimuli  which  travel  to  the  brain 
along  the  nerves  which  belong  to  the  senses  of  sight  and 
hearing. 

We  will  take  the  sense  of  sight  first,  because  it  is 
one  easily  understood,  and  most  interesting.  The 
organs  of  the  sense  of  sight  are  two  bodies  which  are 
nearly  but  not  quite  globular,  composed,  in  fact,  each  of 
portions  of  two  spheroids,  and  they  are  situated  in 
cavities  which  are  called  orbits,  which  are  walled,  as  it 
were,  by  bones  belonging  to  the  skull  and  face.  These 
cavities,  of  course,  are  open  in  front,  and  have  each  an 
apeiture  at  the  back  of  them,  through  which  the  nerve 
which  goes  to  the  eye  from  the  brain  passes — the  nerve 
which  I mentioned  in  the  last  lecture  as  the  nerve  be- 
longing to  the  second  pair  of  nerves— the  optic  nerves. 

The  eyeball  is  protected  by  means  of  the  bony  walls 
of  the  cavity  in  which  it  is  placed,  and  by  the  arched 
projection  of  part  of  the  frontal  bone  ; it  is  protected 
by  the  covering  of  the  latter  with  fat,  skin,'  muscle, 
and  even  hair  in  the  eyebrows  ; it  is  protected  by  fat  at 
the  back,  and  by  muscles  which  surround  it,  and  by  means 
of  which  it  is  moved  ; it  is  protected  in  front  by  two 
lids,  partly  composed  of  tough  cartilaginous  substance, 
partly  composed  of  muscle  and  skin ; and,  again,  it  is 
still  further  protected  by  the  fringes  of  hair  which  we 
call  the  eyelashes.  This  is,  roughly  speaking,  the  way  in 
which  the  organ  of  sight  is  protected  from  injury  by  ex- 
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ternal  violence.  The  eyeball  itself  consists  of  certain 
layers  or  coats  on  the  outside,  enclosing  a cavity  which 
is  divided  into  two,  as  will  he  described  presently.  The 
greater  part  of  it  is  invested  with  a tough,  whitish, 
opaque,  hard,  coat,  which  is  called,  from  its  hardness, 
the  sclerotic  coat.  This  coat  has  an  aperture  at  the 
back,  through  which  the  optic  nerve  passes  into  the  in- 
terior of  the  eyeball,  and  is  in  continuation  with  the 
fibrous  sheath  of  that  nerve.  This  coat  does  not  extend 
over  the  whole  eyeball,  but  in  the  front  part  it  is  re- 
placed by  a transparent  substance  or  coat,  which  is 
called  the  cornea.  Inside  the  sclerotic  there  is  a finer 
coat  which  is  very  largely  supplied  with  blood-vessels, 
and  which  contains  several  layers  of  dark-coloured  pig- 
ment ; in  this  coat  travel  blood-vessels,  by  means  of 
which  the  greater  part  of  the  structures  in  the  eyeball 
are  nourished,  and  also  important  nerves  which  go  to 
the  front  part  of  the  eyeball,  and  that  coat  goes  by  the 
name  of  the  choroid  coat.  It,  as  it  were,  lines  the  hard 
outside  coat,  or  the  sclerotic  coat,  and  at  the  front  part, 
very  nearly  where  the  opaque  sclerotic  coat  joins  the 
transparent  cornea,  the  choroid  coat  divides  into  two 
parts,  one  of  which  ends  in  a kind  of  fringe,  while  the 
other  is  continuous  with  a curtain  placed  a short  dis- 
tance behind  the  cornea  : this  curtain  goes  by  the  name 
of  the  iris,  and  has  in  the  middle  a circular  aperture 
called  the  pupil  The  iris  is  largely  supplied  with 
blood-vessels  and  with  nerves,  and  it  contains  muscular 
fibres  within  it.  How  that  acts,  and  what  are  its  uses, 
I shall  describe  in  a few  minutes. 
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Inside  the  choroid  coat  we  find  a thin  white  film, 
which  is  continuous  with  the  optic  nerve.  The  optic 
nerve  passes  through  the  hard  sclerotic  coat  on  the  out- 
side, passes  through  the  coat  containing  blood-vessels 
and  pigment,  called  the  choroid  coat,  and  then  it  is  ex- 
panded, and  its  fibres  are  distributed  in  this  fine 
white  structure,  which  goes  by  the  name  of  the  retina, 
and  which  lines  the  inner  surface  of  the  choroid  mem- 
brane pretty  nearly  up  to  the  place  at  which  the  scler- 
otic coat  joins  the  cornea.  These  are  the  coats,  then, 
roughly  described,  which  surround  the  remaining  struc- 
tures that  are  inside  the  eyeball. 

Pretty  nearly  opposite  the  place  where  the  white 
part  of  the  outside  coat  of  the  eye  joins  the  transparent 
part,  there  is  fixed  a transparent  body,  which  we  call 
the  crystalline  lens  — shaped  like  what  we  ordinarilv 
understand  by  a lens,  a body  which  is  convex  on  both 
sides.  This  divides  the  cavity  of  the  eyeball  into  two— 
the  front  cavity  between  it  and  the  cornea,  and  the  pos- 
terior cavity  between  it  and  the  retina.  The  front  cavity 
is  filled  with  a watery  fluid,  which  goes  by  the  name  of 
the  aqueous  humour,  and  the  posterior  cavity  with  a 

gelatinous  body,  which  goes  by  the  name  of  the  vitreous 
humour. 

I will  go  on  to  describe  the  way  in  which  this  ap- 
paratus works,  and  I will  explain  a little  more  at  length 
the  structure  of  the  sensitive  part  of  it,  viz.,  the  retina. 

When  rays  of  light  fall  upon  what  we  call  a lens  of 
glass,  or  of  any  transparent  substance  denser  than  air, 
which  is  convex  on  both  sides,  if  they  are  parallel  to 
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one  another  like  the  rays  of  light  that  come  from  the 
sun,  after  they  have  passed  through  this  transparent 
substance  they  are  no  longer  parallel  to  one  another, 
but  are  brought,  for  reasons  I have  not  time  to  describe, 
into  a point ; that  point  is  called  the  focus  of  the  lens, 
and  the  distance  of  that  point  from  the  centre  of  the 
lens  is  called  the  focal  length  of  the  lens.  When  the 
rays  of  light  proceeding  from  an  object  on  one  side 
of  a convex  lens,  and  passing  through  it  to  the  other 
side  of  that  convex  lens,  are  received  on  a screen  placed 
at  a certain  distance  from  it,  these  rays  of  light  form  an 
image  of  the  object  on  the  screen  on  the  other  side  of 
that  lens.  The  rays  of  light  from  the  upper  part  of  the 
object  that  pass  through  the  centre  of  the  lens,  neces- 
sarily fall  upon  the  lower  part  of  the  screen,  and  those 
which  start  from  the  lower  part  of  the  object,  and  pass 
through  the  centre  of  the  lens,  fall  upon  the  upper  part 
of  the  screen ; as  the  rays  which  pass  through  the  centre 
of  the  lens  are  most  concerned  in  the  production  of  the 
image  on  the  screen,  this  is  consequently  upside  down. 

Now,  in  the  eye  we  have  a series  of  lenses.  The 
transparent  cornea  is  a lens,  the  aqueous  humour  is  a 
lens,  the  crystalline  lens  is  another,  and  the  vitreous 
body  is  a lens ; so  that  we  have  a series  of  lenses  which 
we  may  call  a compound  lens,  but,  for  the  sake  of  sim- 
plicity, we  must  consider  the  action  of  the  most  im- 
portant of  them— the  crystalline  lens.  From  what  I 
have  said,  you  will  see  that  the  image  of  an  object 
placed  in  front  of  the  eye  must  be  produced  by  this 
crystalline  lens  somewhere  behind  it,  upside  down,  and 


ORGANS  OF  THE  SENSES. 


131 


if  there  is  a curtain  placed  behind  that  crystalline  lens, 
so  that  the  image  of  the  object  in  front  can  be  produced 
upon  that  curtain,  it  will  he  produced  there  upside  down. 
There  is  such  a curtain,  and  that  curtain  is  the  inner 
coat  of  the  eyeball,  which  we  call  the  retina. 

In  the  retina  there  are  several  structures,  the  most 
superficial  consisting  of  the  expansion  of  fibres  of  the 
optic  nerve  ; there  are  other  structures  below  that,  and 
the  deepest  structure  in  the  retina,  next  to  the  choroid 
membrane,  is  a layer,  called,  from  the  shape  of  the 
structures  in  it,  the  layer  of  rods  and  cones. 

When,  then,  an  external  object  is  placed  in  front  of 
the  eye,  its  image  is  produced  upside  down  upon  the 
retina,  distinctly  if  the  latter  is  at  a proper  distance,  if 
not,  the  image  is  still  produced  upon  it,  but  indistinctly. 

In  this  retina  there  are  two  spots,  the  structure 
of  which  differs  from  the  structure  of  the  vest  of  the 
retina.  One  of  these  is  the  place  where  the  optic  nerve 
goes  in.  The  optic  nerve  does  not  enter  the  eyeball 
in  the  centre  of  the  back  of  it,  so  to  speak,  or  in 
what  is  called  the  axis  of  the  eyeball,  but  at  a point 
a little  nearer  to  the  nose.  Now  the  point  where 
that  nerve  enters  is  one  of  the  peculiar  spots  in  the 
retina,  and  the  other  is  immediately  opposite  the  axis 
of  the  eyeball. 

When  an  image  is  produced  upon  the  retina,  a 
stimulus  is  caused  which  travels  along  the  nerve  fibres 
of  the  optic  nerve  to  the  brain,  and  produces  the  sensa- 
tion of  sight.  Where  is  that  stimulus  started  ? 

The  nerve  fibres  of  the  optic  nerve  are  spread  upon 
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the  surface  of  the  retina,  and  is  it  the  nerve  fibres  of 
the  optic  nerve  that  are  sensitive  to  the  light  ? if  so, 
the  sense  of  sight  differs  in  a remarkable  manner  from 
the  three  senses  already  described.  Nothing  of  the 
kind ; the  spot  in  the  retina  which  is  most  sensitive 
to  the  action  of  light  is  the  spot  called  the  yellow 
spot,  which  is  in  the  axis  of  the  eyeball.  In  that 
yellow  spot  there  are  no  nerve  fibres  at  all,  hut  on  the 
other  hand  the  layer  of  cones  is  highly  developed.  The 
most  sensitive  part  of  the  retina,  then,  contains  no  nerve 
fibres  at  all.  I said  that  the  spot  at  which  the  optic 
nerve  enters  is  another  peculiar  spot : there  you  have 
nothing  but  nerve  fibres,  the  other  coats  of  the  retina 
are  not  developed  at  all.  The  nerve  fibres  of  the  optic 
nerve  pass  through  the  sclerotic  and  choroid  coats,  and 
then  spread  abroad  on  the  inner  surface  of  the  rest  of 
the  retina,  so'  that  there  is  nothing  but  fibres  where  the 
optic  nerve  enters  the  retina  ; and  the  spot  where  the 
optic  nerve  enters  is  blind,  so  that  the  place  where  there 
are  most  nerve  fibres  is  insensitive  to  light ; you  can 
prove  it.  If  you  take  a piece  of  paper,  and  make  two 
marks  upon  it,  three  or  four  inches  apart,  and  look  with 
your  right  eye  fixedly  at  the  left-hand  mark,  placing 
the  latter  directly  in  front  of  the  eye,  shut  the  left  eye, 
and  then  move  your  head  towards  and  from  the  paper  ; 
in  a little  time  you  will  find  that  in  a certain  position 
you  can  see  the  left-hand  spot,  but  you  cannot  see  the 
other  ; you  will  find  that  there  is  a certain  position  in 
which  you  can  see  one  spot  distinctly,  but  if  you  mov  c 
your  head  either  way,  you  can  see  both  spots.  Now,  it 
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has  been  shown  by  accurate  experiment,  that  when  that 
is  the  case,  the  image  of  the  other  spot  is  produced  upon 
the  place  where  the  optic  nerve  enters  the  eyeball. 

I say  that  the  place  where  the  optic  nerve  enters  the 
eyeball,  where  there  are  most  nerve  fibres,  is  blind,  so 
we  see  that  it  is  not  nerve  fibres  that  are  affected  by  the 
stimulus  of  light ; the  layer  of  cones  is,  in  fact,  the  part  of. 
the  retina  which  is  sensitive  to  light,  and  from  it  stimuli 
are  conveyed  along  the  nerve  fibres  from  the  retina  to 
the  brain,  so  that  in  the  sense  of  sight,  just  as  in  the 
senses  of  taste  and  smell,  the  stimulus  is  given  not 
directly  to  the  nerve  fibres  at  all,  but  to  another  structure 
altogether. 

In  the  case  of  light,  what  movements  are  trans- 
ferred in  this  way  into  stimuli  in  the  optic  nerve? 
Movements  occurring  in  a very  attenuated  medium 
called  ether,  which  permeates  all  space  and  all  bodies. 
It  is  by  movements  of  the  particles  of  this  ether  that 
the  stimulus  is  produced  which  gives  us  the  sensation 
of  sight. 

The  eye  is  an  optical  instrument,  and  it  has  certain 
arrangements  which  we  find  it  well  to  imitate,  as  far  as 
we  can,  in  all  our  best  optical  instruments. 

You  will  remember  I told  you  that  in  the  choroid 
membrane  and  in  the  iris,  there  are  not  merely  blood- 
vessels and  nerves,  but  layers  of  pigment.  Now,  what 
are  those  layers  of  paint  for  ? They  have  several  uses ; 
one  of  them  is  to  absorb  the  rays  of  light  which  would, 
for  one  reason  or  another,  interfere  with  the  distinct- 
ness of  the  image  that  has  to  be  produced  on  the  retina. 
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Dark  substances  absorb  light,  and  one  of  the  reasons 
of  the  existence  of  colour  in  the  eye  is,  that  rays  of 
light,  which  would  otherwise  be  of  no  use,  and  not  only 
be  of  no  use,  but  be  of  harm,  shall  be  absorbed.  It  is 
not  the  only  use,  but  it  is  the  only  use  I need  mention 
here. 

Why,  yon  will  say,  is  the  iris  placed  in  front  of  the 
crystalline  lens  ? Why  are  not  all  rays  of  light  that 
fall  upon  the  cornea  allowed  to  go  into  the  eye  ? That 
curtain  cuts  off  a great  deal  of  the  light  that  would 
otherwise  fall  on  the  crystalline  lens,  and  pass  into  the 
eye.  A distinct  image  of  a body  placed  in  front  of  the 
lens  is  made  by  rays  that  pass  as  nearly  as  possible 
through  the  centre  of  the  lens,  as  the  rays  of  light  that 
pass  from  a body  through  the  edges  of  a lens  only  serve 
to  blur  the  effect ; and  so  it  is  desirable,  in  constructing 
optical  instruments,  that  means  should  be  taken  for 
ensuring  the  entrance  of  rays  chiefly  through  the  middle 
of  the  lenses ; that  is,  then,  the  reason  of  the  existence 
of  this  iris.  In  a telescope  or  microscope  you  will  see 
at  certain  distances  discs,  with  holes  in  their  centre, 
called  diaphragms ; they  prevent  rays  passing  through 
the  instrument  otherwise  than  through  the  centre  of  the 
lenses;  they  are  blackened,  and  the  interior  of  the 
instrument  is  also  blackened,  in  order  to  absorb  all  the 
rays  of  light,  except  those  that  pass  through  the  middle 
of  the  lenses,  and  to  prevent  their  being  reflected  from 
side  to  side,  so  as  to  cause  confusion.  The  iris,  then,  is 
the  diaphragm  of  the  eye. 

Now,  I said  that  in  this  iris  there  were  muscular 
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fibres ; tliese  are  of  two  kinds : there  are  muscular 
fibres  that  run  round  the  aperture ; circular  fibres,  that 
are  supplied  with  nerves  from  the  third  pair  of  nerves, 
the  nerves  which  supply  most  of  the  muscles  connected 
with  the  eye ; and  there  are  fibres  that  run  from  these 
circular  fibres  towards  the  outside  of  the  iris,  radiating 
fibres,  which  are  supplied  by  branches  from  the  great 
sympathetic  system  of  nerves.  When  the  circular 
fibres  contract,  they  make  the  aperture  smaller,  and  so 
shut  out  a certain  quantity  of  light.  When  the  radiat- 
ing fibres  contract  they  pull  the  circular  band  around 
the  pupil  outwards  in  all  directions,  because  the  iris  is 
fixed  round  its  edge,  and  so  make  the  pupil  larger. 
When  do  these  contract  ? When  too  strong  a light 
strikes  upon  the  eye,  and  passes  through  the  crys- 
talline lens  on  to  the  retina,  a reflex  action  occurs  ; 
the  too  strong  light  causes  a great  stimulus,  which  is 
transferred  along  the  fibres  of  the  optic  nerve  to  the 
ganglia  at  the  base  of  the  brain ; they  then  start  another 
stimulus,  quite  independently  of  the  will,  which  passes 
along  the  third  pair  of  nerves,  and  causes  that  circular 
muscle  round  the  pupil  to  contract,  and  make  the  pupil 
smaller,  so  that  less  light  can  penetrate  into  the  eye. 

When,  on  the  other  hand,  you  go  into  a dark  room 
where  the  light  is  not  sufficient  for  you  to  see,  a com- 
mand is  sent  along  the  sympathetic  nerve,  which  is  the 
neive  which  stimulates  most  of  the  involuntary  muscles 
of  the  body  to  act,  to  the  radiating  fibres  for  them  to 
contract  and  enlarge  the  pupil,  so  as  to  admit  more 
light  into  the  eye.  The  iris  is  thus  a self-acting  dia- 
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phragm  ; if  there  is  too  much  light,  it  partially  shuts 
up  the  aperture  ; if  too  little,  it  expands  the  pupil,  so 
as  to  admit  more. 

Now,  we  are  able  to  see  objects  at  different  distances 
quite  clearly,  and  that  is  done  by  a self-acting  adjust- 
ment, by  means  of  which  the  shape  of  the  lens,  which 
is  elastic,  is  altered,  so  that  we  can,  if  we  look  at  an 
object  close  to  us,  have  an  image  produced  quite  clearly 
upon  the  retina,  and  transferred  from  that  to  the  brain ; 
and  the  same  is  true  if  we  look  at  a distant  object. 

Suppose  that  the  image  of  an  object,  instead  of 
being  produced  upon  the  retina,  is  produced  in  front  of 
the  retina,  then  an  indistinct  image  of  the  object  is 
produced  upon  the  retina.  The  rays  of  light  are  in  that 
case  brought  to  a focus  too  soon,  or  short  of  the  retina, 
and  the  person  is  said  to  be  short-sighted.  Suppose,  on 
the  other  hand,  that  the  rays  of  light  from  the  object 
would  be  brought  to  a focus,  so  as  to  produce  a clear 
image  behind  the  retina,  they  then  form  an  indistinct 
image  upon  the  retina,  and  you  have  what  is  called 
weak  sight.  In  short-sighted  people  the  rays  of  light 
are  brought  to  a focus  in  front  of  the  retina,  and  in 
weak-sighted  persons  (especially  in  old  people)  the 
focus  is  behind  the  retina,  so  that  in  the  one  case  glasses 
are  worn  to  prevent  the  rays  of  light  coming  to  a focus 
too  soon,  and  in  the  other  to  make  them  come  to  a focus 
quicker.  Now,  it  is  quite  clear  that  a doubly  convex 
glass  would  not  do  the  former,  so  a kind  of  lens  is 
worn  by  short-sighted  persons  which  is  concave  on  both 
sides,  and  that  glass  has  the  property,  instead  of  bring- 
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ing  the  rays  of  light  together,  of  diverging  or  separating 
them  to  a certain  extent,  so  that  they  do  not  come  to  a 
focus  so  soon ; and  weak-sighted  persons  have  to  wear 
doubly  convex  glasses  which  will  bring  the  rays  of 
light  together  sooner. 

What  have  we  two  eyes  for  ? Why  will  not  one  eye 
do  ? Well,  it  is  astonishing  what  people  having  but  one 
eye  are  able  to  do  with  it,  hut  that  is  a matter  of  great 
practice.  Having  two  eyes,  we  are  able  to  judge  dis- 
tances, and  we  judge  the  distance  of  an  object  partly  by 
our  knowledge  of  its  real  size,  and  partly  by  an  invol- 
untary estimation  of  the  angle  between  the  optic  axes, 
when  both  eyes  are  directed  towards  the  object ; and 
we  are  able  also,  by  means  of  our  two  eyes,  to  see 
bodies  stereoscopically ; to  tell,  for  instance,  whether 
their  surface  is  concave  or  convex. 

When  I look  at  this  bottle  the  image  on  the  retina 
of  my  right  eye  includes  more  of  the  right  hand  side  of 
the  bottle,  and  that  formed  on  the  retina  of  my  left  eye 
includes  more  of  the  other  side ; so  that  between  these 
images,  which  are  different  in  the  two  eyes,  I am  able 
to  understand  that  the  bottle  has  a convex  surface. 

How  is  it  that  if  the  images  are  produced  at  the 
back  of  our  eyes  upside  down,  we  see  things  as  they  are  ? 
There  have  been  a lot  of  ingenious  theories  to  explain 
this ; one  was  that  it  had  something  to  do  with  the 
junction  of  the  optic  nerves;  but  it  is  the  simplest 
possible  thing  in  the  world,  a pure  matter  of  experience. 
We  are  accustomed,  from  our  earliest  infancy,  to  regard 
images  that  are  produced  on  the  lower  part  of  the  retiua 
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as  coming  from  objects  high  up,  and  we  are  accustomed 
to  regard  images  produced  on  the  upper  part  of  the 
retina  as  coming  from  bodies  low  down ; and  so,  when 
we  have  an  upside  down  image  produced  upon  the 
retina,  we  see  it  the  right  way  up,  because  the  lower 
part  corresponds,  and  the  upper  part  corresponds  with 
the  whole  experience  of  our  lives. 

The  eyeball  is  moved  in  its  cavity  or  orbit  by  four 
muscles  called  the  recti,  or  straight  muscles,  which  are 
attached  to  the  sclerotic  coat,  and,  passing  backwards, 
are  fixed  to  the  bones  at  the  hinder  part  of  the  orbit ; 
a superior  one  above  and  an  inferior  one  below,  an  ex- 
ternal one  outside  and  an  internal  one  inside.  When 
the  upper  one  contracts  it  makes  the  eye  look  up,  when 
the  lower  one  contracts  it  makes  the  eye  look  down, 
when  the  external  one  contracts  it  makes  the  eye  look 
outwards,  and  when  the  internal  one  contracts  it  makes 
the  eye  look  towards  the  nose.  There  are  two  others  ; 
they  start  on  the  outer  side  of  the  eyeball,  one  above 
and  one  below.  They  are  called  the  oblique  muscles. 
One  of  these,  the  upper  one  (the  superior  oblique  muscle) 
starts  on  the  outer  side,  its  tendon  passing  round  a little 
notch  in  the  bone,  which  forms  a kind  of  pulley,  and 
then  it  lies  back  along  with  the  straight  muscles.  The 
inferior  oblique  muscle  is  attached  below  to  the  outer 
side  of  the  eyeball,  and  by  its  other  end  to  the  floor  of 
the  orbit.  When  either  of  these  contracts  it  pulls  the 
eye  round,  so  that  between  these  six  muscles  the  eye 
can  be  turned  in  all  directions,  and  they  are  supplied  by 
the  nerves  named  in  the  last  lecture. 
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The  eyelids  are  lined  by  a mucous  membrane  which 
we  call  the  conjunctiva,  which  secretes  fluid  which  con- 
tinually moistens  the  front  part  of  the  eye.  That 
mucous  membrane  is  not  continued  over  the  transpa- 
rent cornea,  but  only  its  epithelial  lining.  The  eye  is 
kept  still  moister  by  means  of  the  secretion  of  a gland 
on  the  upper  side  of  the  eyeball,  called  the  lachrymal 
gland  or  tear  gland,  which  secretes  watery  fluid  contin- 
ually, keeping  the  front  part  of  the  eyeball  moist.  The 
excess  of  fluid  is  conveyed  by  some  small  ducts  into  a 
tube  which  leads  into  the  nose,  and  which  is  a kind  of 
drainage  tube  for  the  eye-socket.  When  that  secretion 
is  excessive,  that  drainage  tube  is  not  able  to  carry  it 
all  off,  and  it  rolls  out  on  to  the  surface  of  the  face  in 
the  form  of  tears. 

The  colour  of  the  eye,  as  we  call  it,  is  due  to  the 
colour  of  the  iris.  That  colour  is  caused  by  the  pigment 
in  the  iris  and  by  the  blood  in  the  blood-vessels  of  the 
iris,  and  in  that  way  we  get  all  the  varieties  of  black, 
grey,  blue,  brown,  etc.  that  we  see  in  people’s  eyes. 
Persons  who  have  no  pigment  in  their  eyes  and  no  pig- 
ment in  their  hair  are  called  albinos,  and  they  have 
pink  eyes,  the  pink  colour  being  due  to  the  colour  of 
the  blood  in  the  iris. 

Such  persons  always  have  weak  eyes,  and  can  only 
bear  a very  small  amount  of  light,  and  that  shows  you 
that  one  of  the  principal  objects  of  the  pigment  in  the 
iris  and  in  the  choroid  membrane,  but  especially  of  the 
pigment  in  the  iris,  is  to  absorb  light  which  is  not 
required  for  the  purposes  of  clear  vision. 
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The  organ  of  hearing  consists  of  three  parts — the 
external  ear,  the  middle  ear,  and  the  internal  ear,  the 
two  latter  being  contained  in  cavities  in  the  hard  part 
of  the  temporal  bone.  The  external  ear  is  more  or  less 
trumpet-shaped,  and  has  a passage  leading  through  a 
hole  in  the  temporal  bone  to  the  middle  ear.  Across  the 
end  of  this  passage,  separating  the  external  ear  from  the 
middle  ear,  is  stretched  a membrane  called  the  tympanic 
membrane. 

The  cavity  of  the  middle  ear,  on  the  inner  side  of 
this  membrane,  is  called  the  tympanum,  or  drum  of  the 
ear,  and  communicates  with  the  pharynx  by  a tube 
called  the  Eustachian  tube.  On  the  inner  side  of  this 
cavity,  opposite  to  the  tympanic  membrane,  are  two 
openings  in  the  bone  closed  by  membranes  which  form 
separations  between  the  middle  and  the  internal  ear. 
A chain  of  three  small  bones  jointed  together  stretches 
between  the  tympanic  membrane,  to  which  the  first 
of  them  is  attached,  and  the  membrane  closing  one 
of  these  two  apertures  on  the  other  side  of  the  tympa- 
num, to  which  the  third  bone  is  attached.  The  internal 
ear  or  labyrinth  is  contained  in  complicated  cavities  in 
the  bone,  called  the  vestibule,  the  semicircular  canals, 
and  the  cochlea  (or  shell,  from  its  shape).  Inside  these 
cavities  is  a closed  sac,  prolongations  from  which  extend 
through  the  winding  passages  of  the  bone.  Outside  of 
this  sac,  between  it  and  the  walls  of  the  cavities,  is  a 
watery  liquid  called  perilymph,  and  inside  of  the  sac  is 
a liquid  called  endolymph.  On  the  inner  wall  of  the 
sac,  and,  therefore,  in  the  endolymph,  there  are  in  some 
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parts  fine  hair-like  bodies,  and  in  others  small  calcareous 
particles,  looking  something  like  grains  of  sand,  or  little 
rod-like  bodies  placed  side  by  side  like  the  keys  of  a 
pianoforte  (called  fibres  of  Corti).  The  fibres  of  the 
seventh  pair  of  cranial  nerves — the  auditory  nerves — 
are  distributed  to  the  walls  of  the  membranous  laby- 
rinth, as  this  complicated  sac  is  called,  and  their  extre- 
mities are  in  connection  with  the  little  bodies  just 
mentioned. 

When  the  waves  of  sound,  caused  by  vibrations  of 
the  particles  of  the  ear,  being  collected  by  the  external 
air  and  directed  along  the  passage  leading  towards  the 
middle  ear  strike  the  tympanic  membrane  or  drum,  it 
vibrates,  and  its  vibrations  shake  the  little  chain  of 
bones  that  cross  the  cavity  of  the  middle  ear,  and  so 
shake  the  membrane  closing  the  aperture  on  the  other 
side  of  the  tympanum  to  which  the  last  bone  of  the 
chain  is  attached.  At  the  same  time  tire  vibrations  of 
the  air  in  the  tympanum  cause  the  membrane  covering 
the  other  aperture  leading  into  the  internal  ear  to  vibrate. 

The  vibration  of  these  two  membranes  sets  the  peri- 
lymph  in  motion,  and  its  vibrations  are  transmitted  to 
the  walls  of  the  sac  or  membranous  labyrinth  in  the 
internal  ear,  and  so  the  little  hair-like  bodies,  calcareous 
particles,  and  fibres  of  Corti  are  shaken,  and  their  move- 
ment irritates  the  extremities  of  the  auditory  nerves, 
by  the  fibres  of  which  the  stimuli  produced  are  trans- 
mitted to  the  brain. 

No  doubt  the  different  parts  of  the  labyrinth  have 
different  duties  to  perform.  One  part,  for  instance,  has 
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to  do  with  the  quantity  or  loudness  of  sounds,  another 
with  the  quality  or  tone ; but  what  I want  you  speci- 
ally to  note  is,  that  the  extremities  of  the  optic  nerve 
are  not  themselves  directly  affected  by  the  vibrations 
of  the  air,  but  that,  as  in  the  case  of  the  other  senses, 
the  stimulus  which  comes  from  outside  the  body  affects 
a structure  belonging  to  the  epithelial  tissues. 


LECTUEE  VIII. 


THE  HEALTH  OF  THE  INDIVIDUAL. 

The  causes  of  disease  have  been  studied  from  the  very 
earliest  times  ; the  earliest  writers  on  medicine  wrote 
far  more  about  the  laws  of  health  than  they  wrote  about 
medicine.  Hippocrates,  the  celebrated  father  of  medi- 
cine, wrote  far  more  about  the  health  of  the  people,  and 
i the  prevention  of  disease,  than  he  did  about  the  cure  of 
disease.  He  wrote,  for  instance,  works  about  Eoods, 
about  Diet  in  acute  diseases,  about  the  use  of  Liquids, 
and  his  celebrated  work  about  Air,  Water,  and  Places. 
You  see  merely  from  the  titles  of  these  works  that  they 
more  concern  the  preservation  of  health  and  the  preven- 
tion of  disease  than  medicine  proper  or  the  cure  of 
disease,  and  the  great  physicians  who  followed  Hippo- 
crates followed  his  example  in  this  respect. 

Now,  at  the  very  outset  of  the  subject,  we  come 
across  certain  terms,  that  are  well  known  to  us,  that 
are  household  words,  but  which  we  require  to  under- 
stand more  definitely  before  we  can  go  on  to  anything 
else. 

We  talk  about  a person’s  constitution  ; what  do  we 
mean  by  a person’s  constitution?  We  say  a person  has 
a strong  constitution  or  a weak  constitution ; what  do 
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we  mean  by  it?  A person  has  a strong  constitution 
when  he  has  no  tendency  to,  and  no  sign  of,  disease.  A 
person  has  a weak  constitution  when  he  has  a marked 
tendency  to  disease  of  any  kind  ; one  marked  tendency 
to  disease  of  any  kind  is  sufficient.  Constitution  has 
been  defined  as  the  resultant  of  the  physiological  forces 
of  the  body.  But  if  any  one  of  these  forces  tends  in  the 
wrong  direction,  the  person  has  no  longer  a strong  con- 
stitution. These  forces  are  very  many  ; one  of  the  most 
important  of  them  is  hereditary  tendency.  If  a person, 
by  hereditary  tendency,  is  liable  to  a particular  kind  of 
disease,  that  person  cannot  be  said  to  have  a strong  con- 
stitution. We  do  not  speak  of  a person  that  is  liable  to 
consumption  for  instance,  one  who  belongs  to  a con- 
sumptive family,  as  having  a strong  constitution  ; he  has 
a hereditary  tendency  to  that  disease.  And  so  the  capa- 
city of  the  lungs,  the  power  of  the  heart,  or,  if  you  like, 
the  power  of  the  circulation,  the  power  of  digestion,  and 
a large  number  of  other  physiological  forces — if  I may 
so  use  the  term — are  elements  in'our  constitution  ; they 
are  the  forces  from  which  the  resultant,  which  is  our 
constitution,  is  made  up  ; but  it  must  be  remembered 
that  any  one  of  these  forces  being  weak,  or  tending  in 
the  wrone;  direction,  towards  disease  rather  than  health, 
makes  us  have  a weak  constitution  instead  ol  a stiong 

one. 

Now,  persons  who  originally  had  a strong  constitu- 
tion, by  virtue  of  their  good  hereditary  tendencies,  may 
turn  it  into  a weak  one  by  following  habits  of  one  kind 
or  another,  by  excesses  of  one  kind  or  another,  original 
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ing  iii  that  way  a tendency  to  disease,  or  actually 
developing  diseases  of  one  kind  or  another,  so  that  per- 
sons having  originally  strong  constitutions  may  ruin 
them,  as  it  is  called. 

After  dividing  people  into  those  who  have  strong 
constitutions  and  those  who  have  weak  constitutions, 
the  ancient  physicians,  with  Galen  at  their  head, 
pointed  out  that  healthy  people  might  be  divided  into 
classes  according  to  certain  marked  characteristics  ; 
one  healthy  person  is  quite  different  from  another 
healthy  person,  and  so  persons  have  been  classified 
according  to  what  are  called  their  temperaments.  By 
temperament  we  mean  the  predominance  of  one  of  the 
general  systems  of  the  body  over  the  rest  ; for  in- 
stance, the  circulatory  system.  Some  people  have  a 
very  powerful  circulation,  strong  hearts,  an  abundance 
of  rich  blood,  organs  well  nourished,  well  developed  ; 
they  are  not  readily  attacked  by  disease,  and  when 
attacked  they  very  speedily  get  well ; these  persons  are 
said  to  be  of  the  sanguine  temperament.  Next  we  have 
the  lymphatic  temperament,  in  which  the  absorbent 
system  has  undue  predominance  over  the  other  systems. 
These  persons  are  described  generally  as  of  unsym- 
metrical  build,  with  a pale,  flabby  complexion,  not 
florid  like  persons  of  the  sanguine  temperament. 
Persons  of  this  temperament  are  found  especially  in 
damp  unhealthy  localities,  where  they  are  crowded 
together,  and  neither  take  sufficient  exercise  nor  have 
a sufficient  amount  of  good  food  : they  are  subject 
to  diseases  known  as  scrofulous  diseases,  which  attack 
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the  bones  and  lymphatic  glands,  and  cause  those 
marks  that  you  often  see  in  the  necks  of  unhealthy 
children.  Now  this  temperament  requires  to  be  com-  I 
bated  by  attention  to  hygienic  conditions,  especially 
attention  to  conditions  of  place  of  residence  and  to  eat- 
ing and  drinking.  When  this  temperament  is  strongly 
developed  it  must  not  be  considered  as  a condition  of 
health,  but  as  a condition  of  disease,  and  persons  in 
this  condition  have  descended  from  persons  subject  to 
scrofulous  diseases.  There  is  a third  temperament, 
of  which  most  of  you  have  heard — viz.,  the  nervous  ■ 
temperament : in  this  the  nervous  system  has  undue 
predominance  over  the  other  systems.  There  are  an 
immense  number  of  people  who  are  working  their  ner- 
vous system  to  a much  greater  extent  than  it  should 
be  worked  ; in  these  people  the  tendency  to  over-work, 
over -excitement,  and  worry  gets  worse  and  worse, 
and  it  has  long  been  pointed  out  by  physicians  that 
persons  who  belong  to  this  nervous  temperament  in  a 
marked  degree  have  the  tendency  to  get  worse  and  not 
to  get  better.  And  on  this  I ought  to  insist  a little  more, 
because  this  temperament  is  most  marked  in  our  time : 
in  these  days  of  express  trains  and  telegraphic  messages 
everything  goes  on  so  fast,  and  the  competition  of  life  is 
so  great,  that  the  tendency  of  the  great  majority  of 
people  is  to  over-work  themselves  mentally,  and  to  over- 
worry themselves  about  big  and  little  cares.  When  this 
once  begins,  it  goes  on  getting  worse.  This  nervous 
temperament  is  associated  with  nervous  diseases,  and  it 
has  long  been  observed  that  persons  of  a distinctly 
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marked  nervous  temperament  belong  to  families  in 
which  nervous  diseases  are  prevalent,  and  so  it  is  of  the 
greatest  importance  for  persons  who  have  a tendency  to 
this  state  of  over  mental  work  and  excitement  to  be  on 
their  guard  against  either  over-working  themselves  or 
over-exciting  themselves,  and  it  is  perhaps  of  still 
greater  importance  that  persons  should  be  on  their  guard 
against  over-working  children  who  are  willing  to  work. 
The  difference  between  a child  of  the  nervous  tempera- 
ment and  a child  who  belongs  to  the  lymphatic  tempera- 
ment is  extremely  marked ; and  it  is  of  the  greatest 
importance  for  people  who  have  the  training  of  children 
to  take  note  of  this  from  the  beginning,  and  rather  to 
check  the  tendency  to  over-work  of  the  nervous  excit- 
able child,  and  to  stimulate  the  sluggish,  drowsy,  lym- 
phatic child.  The  reverse  is  commonly  the  case ; and 
children  of  the  nervous  temperament,  who  would  do 
quite  enough  or  too  much  work  if  left  alone,  are  excited 
to  over-work  and  competition  of  all  kinds  to  gain  prizes, 
instead  of  being  rather  held  back  on  account  of  their 
excitable  natures  and  too  irritable  nervous  systems. 

These  are  the  three  chief  temperaments  of  the  ancient 
writers,  but  another,  called  the  bilious  temperament,  is 
often  mentioned.  This,  however,  we  do  not  now  consider 
a temperament,  because  it  is  not  due  to  a predominance 
of  one  of  the  general  systems  of  the  body. 

The  great  mass  of  human  beings  do  not  belong 
markedly  to  any  one  or  other  of  these  temperaments, 
and  so  persons  who  insist  upon  the  division  have 
invented  the  mixed  temperaments. 
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Celsus  pointed  out  that  human  beings,  after  being 
divided  into  these  large  classes  according  to  their  tem- 
peraments, might  be  divided  into  much  smaller  ones. 
He  taught  that  each  human  being  had  what  he  called 
his  weak  point,  of  which  he  had  to  take  special  care,  in 
order  that  he  might  ward  off  the  diseases  to  which  he 
himself  was  more  specially  liable  than  the  people 
around  him.  These  minor  divisions  are  called  idio- 
syncrasies. An  idiosyncrasy  is  a tendency  to  excess  or 
defect  in  any  given  limited  direction,  a peculiarity  in 
the  action  of  any  particular  ■ organ  of  the  body,  or  par- 
ticular apparatus  of  the  economy.  They  are  of  very 
various  kinds,  some  of  them  apparently  very  unimport- 
ant ; but  those  that  are  unimportant  form  illustrations, 
and  explain  to  us  and  make  us  better  understand  those 
that  are  of  great  importance.  Now,  there  are  idiosyn- 
crasies (to  take  some  of  the  comparatively  unimportant 
first,  in  order  that  you  may  quite  understand  what  I 
mean)  of  the  organs  of  the  senses.  Some  people  there 
are  who  cannot  bear  the  taste  of  strawberries  ; that  is 
an  example  of  an  idiosyncrasy,  and  a very  peculiar  one. 

There  are  plenty  of  instances  of  persons  who  cannot 
sit  at  a dinner-table  when  certain  things  are  on  the 
table  ; for  instance,  a leg  of  mutton.  Now,  these  are 
idiosyncrasies  of  taste  and  smell. 

Now,  to  pass  on  to  idiosyncrasies  which  more  imme- 
diately concern  the  subject  in  hand.  Persons  are  liable, 
as  Celsus  pointed  out,  to  particular  diseases.  One  per- 
son is  peculiarly  liable  to  certain  diseases  to  which 
another  person  next  him  may  not  be  liable ; and  that 
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other  person  may  be  liable  to  diseases  of  another  hind, 
and  that  is  what  Celsus  meant  to  insist  upon. 

Several  persons  exposed  to  a draught  may  get 
very  different  diseases  from  it,  if  they  get  any ; one 
person  gets  a sore  throat,  another  person  gets  bronchitis, 
another  a cold  in  the  head,  another  quinsy.  Why  is 
that  ? That  is  because,  as  Celsus  said,  each  person  has 
his  weak  point,  which  is  liable  to  be  attacked  when- 
ever he  is  exposed  to  a cause  of  disease,  and  each  per- 
; son  should  take  care  to  find  out  what  is  his  particular 
weak  point,  in  order  that  he  may  ward  off  the  disease 
to  which  he  is  liable.  His  weak  point  very  often  has 
come  to  him  by  heredity  ; very  often  he  has  had  an 
attack  of  disease  for  some  reason  or  another  which,  in 
the  first  instance,  we  may  not  be  able  to  explain.  He 
has  caught  a very  severe  cold,  and  had  some  form  of 
lung  disease,  and  for  the  rest  of  his  life  he  is  more  liable 
to  an  attack  of  disease  in  that  part  of  the  body  than 
anywhere  else.  A person  who  has' once  had  sore  throat 
is  more  likely  to  have  sore  throat  than  he  was  before, 
so  that  you  see  idiosyncrasies  may  be  acquired,  may  be 
formed. 

A capital  example  of  this  is  found  in  the  case  of  a 
■ regiment  of  soldiers  who  encamp  on  marshy  ground  for 
a night ; one  of  them  gets  ague  of  one  form  or  another, 

- another  one  gets  a cold  in  the  head,  another  rheumatic 
fever,  another  is  subject  to  chronic  rheumatism,  and 
gets  an  attack  of  “ rheumatics,”  another  gets  inflamma- 
11  tion  of  the  lungs,  another  bronchitis,  another  pleurisy, 
another  a sore  throat,  another  toothache,  and  another 
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gets  nothing  at  all.  Well,  all  these  people  get  these 
different  diseases  from  the  same  cause,  from  exposure 
to  damp  atmosphere,  because  they  were  weak  in  diffe- 
rent points,  because  they  had  different  idiosyncrasies. 
I say,  then,  it  is  of  the  first  importance  for  everybody 
to  find  out  what  is  the  point  about  his  own  system 
which  is  most  likely  to  be  attacked,  and  take  precau- 
tions against  it. 

Certain  diseases,  or  tendencies  to  disease,  are  in- 
herited. Why  do  we  inherit  a tendency  to  disease? 
We  are  not  at  all  surprised  if  a son  or  a daughter  is 
like  either  his  or  her  father,  or  mother,  or  grandfather, 
or  grandmother  in  the  face  ; then,  why  should  we  be 
astonished  that  they  are  like  them  in  the  lungs  or  liver  ? 
If  they  are  like  them  in  external  features,  why  should 
they  not  be  like  them  in  the  construction  of  their  inter- 
nal organs  ? It  is  clear  enough  there  is  no  reason  why 
it  should  not  be  so,  and  it  is  the  case  ; and  not  only  do 
likenesses  of  that  kind  descend  in  families,  but  peculiar 
construction  of  organs  descend,  peculiar  construction  of 
features  descend,  and  not  only  so,  but  incidental  pecu- 
liarities descend. 

There  are  plenty  of  instances  where  peculiarities 
have  descended  in  families,  where,  for  instance,  a per- 
son has  had  six  fingers  on  one  hand,  and  the  same 
peculiarity  has  occurred  in  his  descendants.  A notable 
example  is  that  of  the  short-legged  sheep,  which  were 
produced  by  a farmer  in  North  America  some  years  ago, 
who  found  accidentally  that  one  of  his  sheep  had  got 
the  two  fore-legs  short.  That  was  an  accident,  or  a 
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monstrosity  of  nature,  and  it  occurred  to  this  farmer 
that  it  would  be  very  useful  if  he  could  get  the  rest  of 
his  sheep  so,  because  he  need  not  have  his  hedges  so 
high  ; and  so,  by  careful  selection  of  the  young  ones,  he 
produced  a race  of  sheep  which  all  had  their  fore-legs 
short.  So  you  see  that  accidental  peculiarities  descend 
in  families,  and  so  it  is  that  peculiarities  in  the  con- 
struction of  the  internal  organs  of  the  body  descend, 
and  that  tendencies  to  disease  are  hereditary.  There 
are  a few  diseases  that  actually  descend,  in  which  the 
child  is  born  in  a state  of  disease. 

One  of  the  most  marked  examples  of  hereditary 
tendency  to  disease  is  found  in  consumption,  the  plague 
of  our  climate.  This  terrible  disease  kills  more  than 
half  as  many  people  as  all  the  zymotic  diseases  (fevers, 
etc.)  jmt  together.  There  is  no  doubt  that  a ten- 
dency to  consumption  descends  in  families.  I do  not 
mean  to  say  that  consumption  cannot  start  in  any 
family.  If  you  go  and  expose  yourselves  to  the  causes 
by  which  consumption  is  brought  about,  although  there 
may  be  no  tendency  to  consumption  in  your  family, 
consumption  may  arise  in  you,  and  may  be  inherited 
from  you.  So,  too,  scrofulous  diseases  are  hereditary. 

Nervous  diseases  also  run  in  families.  Not  that  any 
one  nervous  disease  necessarily  descends  in  any  family, 
but  nervous  diseases  generally  are  hereditary.  They 
are  associated,  as  I told  you  just  now,  with  the  nervous 
temperament.  Persons  of  such  families,  who  do  not 
actually  suffer  from  nervous  diseases,  are  very  frequently 
of  a marked  nervous  temperament. 
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These  are  some  of  the  most  common  examples  of 
hereditary  diseases. 

Now,  what  is  to  be  done  for  hereditary  disease?  In 
the  first,  place  it  is  clear  that  any  one  who  belongs  to  a 
family  in  which  one  of  these  diseases  is  known  to  be 
hereditary,  must  do  all  he  can  to  avoid  the  conditions 
which  will  favour  the  development  of  that  disease. 
Persons  who  belong  to  families  in  which  consumption 
or  scrofula  exists,  must  avoid  living  in  damp  houses, 
must  avoid,  as  far  as  they  can,  inferior  food  and  bad 
hygienic  conditions  generally.  Persons  who  belong  to 
families  in  which  nervous  diseases  are  prevalent,  must 
avoid  the  conditions  which  I mentioned  just  now  as 
conditions  which  should  be  avoided  by  persons  belong- 
ing to  the  nervous  temperament. 

But  the  most  important  precaution  of  all  is  that 
persons  who  belong  to  families  in  which  any  kind  of 
disease  is  hereditary,  have  no  right  to  marry  into  fami- 
lies in  which  the  same  disease  is  prevalent.  This  is 
done  continually,  because  people  are  thoughtless  about 
this,  one  of  the  most  important  matters  concerning 
them. 

If  there  is  any  tendency  to  disease  in  your  family, 
and  you  marry  iuto  a family  in  which  that  same  disease 
exists,  your  children  are  almost  certain  to  suffer  from 
that  disease  in  the  worst  possible  form.  If  there  is  a 
tendency  to  nervous  disease  in  your  family,  and  you  marry 
into  a family  in  which  nervous  diseases  are  prevalent, 
it  is  very  likely  indeed  that  your  descendants  will 
furnish  a very  large  number  of  inmates  to  the  lunatic 
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asylums  ; people  ought  to  think  of  these  things  a very 
great  deal  more  than  they  do.  Not  only  are  tendencies 
to  disease  hereditary,  hut  a tendency  to  long  life  is 
hereditary,  and  that  you  will  see  follows  almost  neces- 
sarily from  what  I have  said.  If  mischief  in  the  organs 
of  the  body  is  likely  to  descend,  and  if  likenesses 
descend,  it  follows  that  perfection  of  the  various  organs 
of  the  body  is  transmitted  in  families,  and  so  long  life 
is  hereditary.  But  there  is  another  reason  why  long 
life  is  hereditary,  and  that  is,  that  long-lived  people 
have  a kind  of  contempt  for  persons  who  are  not  long- 
lived,  and  they  rarely  marry  into  any  families  that  are 
not  long-lived  families,  and  so  this  tendency  to  long 
life  is  increased,  and  that  makes  it  still  more  markedly 
clear,  and  it  has  been  observed  over  and  over  again 
that  long  life  is  hereditary. 

That  we  are  subject  to  different  diseases,  and  to 
different  kinds  of  disease,  at  different  times  of  our  lives, 
was  pointed  out  by  Hippocrates,  who  divided  man’s 
life  into  various  periods,  and  showed  that  each  period 
had  its  own  diseases  belonging  to  it.  Now  you  will 
see  at  once  that  this  must  be  so,  when  you  consider 
how  different  we  are  at  different  periods  of  our  lives. 
In  a very  young  stage  of  life,  for  instance,  there  is  no 
bone ; it  is  only  cartilage  or  membrane  ; as  we  go  on 
getting  older,  hone  becomes  formed,  bones  become  con- 
solidated, some  of  them  become  soldered  together,  parts 
of  the  body  become  harder  ; and  this  process  of  harden- 
ing begins  from  the  very  beginning  and  goes  on  until 
we  reach  the  most  perfect  state  of  our  life,  and  while 
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it  goes  on  to  that  state  it  is  advantageous ; we  are 
getting  onr  organs  to  work  more  and  more  in  sympathy 
with  one  another,  and  their  action  is  becoming  more 
and  more  confirmed.  Then  for  a long  period  we  appear  to 
he  stationary,  but  we  are  not  stationary  at  all ; degenera- 
tion of  tissue  begins  ; some  of  our  tissues  are  getting 
rather  harder  as  time  goes  on,  and  we  get  gradually 
into  the  period  of  decay,  the  period  of  decline  ; some  of 
the  tissues  get  harder  than  they  ought  to  he  for  the 
work  they  have  to  do ; they  get  stiff,  and  calcareous 
matter  gets  deposited  in  various  parts  of  the  body  when 
it  ought  not  to  he.  The  walls  of  the  great  arteries  get 
less  elastic  and  do  not  recoil  upon  the  blood,  the  cir- 
culation becomes  enfeebled,  the  tissues  of  the  body  have 
been  gradually  becoming  degenerated,  and  so  we  pass 
on,  until,  if  we  are  not  taken  off  by  disease  of  one  kind 
or  another,  we  die  by  the  actual  stoppage  of  one  of  the 
organs  which  is  essential  to  our  life,  by  the  actual 
stoppage  of  our  lungs  or  heart ; so  that  you  see,  that  at 
different  periods  of  our  life  we  are  different  beings 
altogether,  and  so  it  need  not  surprise  anybody,  that  at 
those  different  periods  of  our  life  we  are  subject  to 
different  diseases.  Now  the  periods  of  life  have  been 
divided  differently  by  various  authors  ; hut  the  division 
which  is  the  best,  the  division  which  we  shall  take,  is 
the  division  given  to  us  by  that  great  observer  of  human 
nature,  William  Shakspeare.  I do  not  know  that  it 
was  really  Shakspeare’s,  yet  I do  not  know  that  it  was 
not ; it  is  generally  put  down  to  him.  When  looking 
into  the  question  a short  time  ago,  I came  across  a 
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quotation  from  a medical  work  of  the  time  of  Shakspeare, 
published  in  the  same  year  as  his  “ As  You  Like  It,”  or 
a year  before,  in  which  the  divisions  of  Shakspeare 
of  the  life  of  man  are  given,  and  in  which  a certain 
treatment  for  the  different  periods  of  life  is  pre- 
scribed ; so  that  if  it  was  not  Shakspeare’s  division,  it 
was  a division  which  was  suggested  to  him,  and  which 
he  adopted. 

Shakspeare,  in  his  “ As  You  Like  It  ” (act  ii.  scene  7), 
makes  Jacques  say, — 

“ All  the  world’s  a stage, 

And  all  the  men  and  women  merely  players  : 

They  have  their  exits,  and  their  entrances  ; 

And  one  man  in  his  time  plays  many  parts, 

His  acts  being  seven  ages.  At  first,  the  infant, 

Mewling  and  puking  in  the  nurse’s  arms  ; 

And  then  the  whining  school-boy,  with  his  satchel, 

And  shining  morning  face,  creeping  like  snail, 

Unwillingly  to  school.  And  then,  the  lover, 

Sighing  like  furnace,  with  a woeful  ballad, 

Made  to  his  mistress’  eyebrow.  Then  a soldier, 

Full  of  strange  oaths  and  bearded  like  the  pard, 

Jealous  in  honour,  sudden  and  quick  in  quarrel, 

Seeking  the  bubble  reputation, 

Even  in  the  cannon’s  mouth.  And  then,  the  justice, 

In  fair  round  belly,  with  good  capon  lined, 

With  eyes  severe,  and  beard  of  formal  cut, 

Full  of  wise  saws  and  modern  instances  ; 

And  so  he  plays  his  part.  The  sixth  age  shifts, 

Into  the  lean  and  slipper’d  pantaloon, 

With  spectacles  on  nose  and  pouch  on  side, 

His  youthful  hose  well  saved,  a world  too  wide 
For  his  shrunk  shank  ; and  his  big  manly  voice, 

Turning  again  toward  childish  treble,  pipes 
And  whistles  in  his  sound.  Last  scene  of  all 
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That  ends  this  strange  eventful  history, 

Is  second  childishness  and  mere  oblivion, 

Sans  teeth,  sans  eyes,  sans  taste,  sans  everything.” 

In  infancy,  the  first  great  danger  is  from  external 
cold ; and  why  is  that  ? Children,  you  say,  have  a quick 
circulation,  quick  respiration,  all  their  actions  go  on 
quickly,  a large  amount  of  oxidation  goes  on  in  their 
blood,  a great  amount  of  animal  heat  is  produced  ; how 
is  it  then  that  their  great  danger  should  be  from  external 
cold?  Well,  the  reason  is  extremely  simple.  It  is 
because  they  are  small.  And  why  is  it  because  they 
are  small  that  they  are  liable  to  danger  from  external 
cold  ? It  is  because  their  small  bodies  have  large  sur- 
faces ; a small  body  has  a larger  surface,  in  proportion 
to  its  bulk,  than  a large  one.  If  you  have  a lump  of 
lead,  and  were  told  to  divide  it  so  as  to  make  the 
largest  amount  of  surface,  you  would  not  divide  it  into 
cannon-balls  or  large  bullets  ; but  you  would  divide  it 
into  the  finest  dust-shot,  and  then  you  would  get  the 
largest  surface  ; what  is  true  of  a cannon-ball  is  equally 
true  of  a baby.  Suppose  we  take  two  solid  bodies,  a cube 
of  one  inch,  and  a cube  of  ten  inches  (see  Figs.  1 and  2). 

< 10"  > 


<i"> 


Fig.  1. 


Fig.  2. 
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Now,  the  side  of  Fig.  1 is  a square  inch,  and  there 
are  six  sides  ; so  that  the  surface  of  that  is  six  square 
inches,  and  the  contents  one  cubic  inch ; the  surface 
of  that  cube  is  to  the  contents  as  6 sq.  in.  to  1 cub.  in. 

Now,  the  side  of  Fig.  2 is  100  sq.  in.,  and  the  surface 
of  that  cube  is  therefore  600  sq.  in.,  while  its  contents 
are  1000  cub.  in.  : so  that  its  surface  is  to  its  contents 
as  600  sq.  in.  : 1000  cub.  in.  = 6 sq.  in. : 10  cub.  in. 

The  surface  of  the  small  cube,  then,  is  as  6 sq.  in.  : 1 
cub.  in.,  or  as  60  sq.  in.  to  10  cub.  in.,  and  the  surface 
of  the  large  cube  is  as  6 sq.  in. : 10  cub.  in.,  so  that  the 
surface  of  the  small  one  is  ten  times  as  great,  in  pro- 
portion to  its  contents,  as  the  surface  of  the  large  one 
in  proportion  to  its  contents.  What  is  true  of  a cube  is 
true  of  a baby. 

The  surface  of  a child,  then,  bears  to  its  bulk  a 
much  larger  proportion  than  the  surface  of  an  adult 
bears  to  his  bulk.  What  has  that  to  do  with  it  ? From 
the  surface  of  our  body  we  lose  heat.  It  is  there  that 
the  perspiration  is  evaporated,  and  wherever  evapora- 
tion goes  on  cold  is  caused,  because  heat  is  required 
for  the  process  ; so  that  the  body  which  has  the 
largest  surface  is  likely  to  lose  the  largest  amount  of 
heat,  because  a large  surface  means  a large  evaporating 
surface,  and  that  means  a large  cooling  surface  ; and  as 
a baby,  by  reason  of  its  being  small,  has  a very  large 
surface  compared  with  its  bulk,  it  loses  heat  very  fast ; 
and  so,  although  it  is  a machine  which  manufactures 
heat  at  greater  speed  than  a grown-up  person,  still  it 
loses  heat  at  a much  greater  rate,  and  so  the  external 
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cold  is  mischievous  to  young  children,  and  they  must 
not  he  exposed  to  external  cold  or  they  will  die,  either 
from  being  frozen  to  death,  that  is  to  say,  by  the  tem- 
perature of  their  blood  being  reduced  below  the  point 
which  is  consistent  with  life,  or  by  the  chill  on  the 
surface  producing  partial  stagnation  of  the  blood  in 
the  internal  organs,  with  resulting  disease  in  certain 
important  organs,  especially  in  the  lungs  : and  so 
young  children  in  cold  weather  die  especially  of  lung 
disease. 

The  next  great  danger  to  children  arises  from  im- 
proper feeding ; they  are  often  given  foods  which  they 
cannot  digest,  or  they  are  not  given  enough  to  eat. 
The  food  provided  by  nature  for  children  is  the  only 
food  which  it  is  proper  for  them  to  feed  upon,  viz., 
milk,  and  this  is  the  only  perfect  food  in  existence, 
the  only  food  which  is  capable  of  supporting  an  animal 
without  any  other  food  ; it  is  through  insufficient  or 
improper  nourishment  that  a very  large  number  of 
children  die,  and  it  is  one  of  the  things  of  which  we 
have  most  to  be  ashamed.  There  is  no  doubt  that 
mothers  ought  to  nurse  their  children,  and  it  has 
been  shown  on  a very  large  scale  that  the  death- 
rate  among  children  brought  up  in  any  other  way  is 
much  greater  than  among  children  who  are  nursed  by 
their  own  mothers.  There  is  no  doubt,  therefore,  that 
it  is  advantageous  for  the  population  that  as  many 
mothers  as  possible  should  nurse  their  own  children, 
and  I hope  it  will  not  become  unfashionable  in  this 

country. 
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Now,  the  diseases  that  are  caused  to  infants  by  giv- 
ing them  improper  food  instead  of  milk,  starchy  foods, 
meat,  broths,  and  soups,  which  they  are  not  a bit  cap- 
able of  digesting,  are  very  many.  In  the  first  place, 
their  digestive  organs  get  out  of  order,  and  if  they  can- 
not digest  their  food  it  cannot  be  absorbed  into  their 
system,  and  their  blood  cannot  be  nourished,  and  a large 
number  of  the  wasting  diseases  of  infants  are  caused  or 
accelerated  by  improper  food.  People  have  not  the 
least  idea  of  the  mischief  that  indigestion  does  us  from 
the  beginning  of  our  lives ; they  say  a person  only  suffers 
from  indigestion  ; “ It  is  only  indigestion  ! ” but  if  you 
cannot  digest  your  food,  what  do  you  expect  you  can 
do  ? Your  body  cannot  be  nourished,  your  brain  can- 
not be  nourished  by  your  blood.  Digestion  is  one  of 
the  most  important  things  to  pay  attention  to.  So 
these  children  being  fed  on  improper  food,  their  digestion 
gets  out  of  order  and  they  suffer  from  diarrhoea,  or,  still 
worse,  what  is  called  the  cholera  of  infants.  When  they 
so  suffer,  the  first  thing  is  to  return  to  a milk  diet ; and 
if  milk  of  an  animal  is  to  be  given  to  them,  it  should 
be  the  richest  possible  cow’s  milk.  I mean  cow’s  milk 
with  a considerable  amount  of  cream — what  is  usually 
known  and  sold  as  nursery  milk.  Two  parts  of  this 
should  be  mixed  with  one  part  of  water,  and  sweetened 
with  sugar.  The  milk  diet,  then,  is  the  first  thing,  but 
some  children  suffering  from  wasting  diseases  of  infancy 
cannot  live  upon  this,  they  reject  it ; then  it  has  been 
found  that  skim  milk  is  far  better  for  them.  A Dutch 
physician  a few  years  ago  proposed  that  children  who 
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could  not  digest  milk  should  be  given  butter-milk,  that 
is  to  say,  milk  from  which  all  the  fat  has  been  removed, 
but  which  contains  all  the  other  constituents : the 
practice  has  been  very  successful,  and  a very  large 
number  of  lives  have  been  saved  by  giving  children  in 
this  state  butter-milk. 

In  mentioning  foods  that  were  not  fit  to  give  to 
infants,  I mentioned  starchy  foods,  and  starchy  foods, 
unless  extremely  well  cooked,  are  positively  indigestible. 
I mentioned  also  broths  and  soups,  and  so  on.  Some 
of  you  may  be  astonished  to  hear  me  mention  these,  but 
there  can  be  no  sort  of  doubt  that  infant  stomachs  are 
not  capable,  as  a rule,  of  digesting  meat,  even  in  the 
form  of  beef-tea,  broth,  and  soup,  and  that  they  are  not 
capable  of  digesting  animal  food  in  any  other  form 
except  milk,  and  if  they  are  given  these  foods  they  get 
convulsions,  get  disorders  of  their  digestion,  and  various 
other  disturbances.  In  a large  number  of  cases,  infants 
who  have  convulsions  get  them  through  being  fed 
on  improper  food — one  of  the  last  things  that  people 
look  to. 

In  many  cases  of  wasting  disease,  it  has  been  found 
that  one  of  the  very  last  things  you  would  expect,  after 
what  I have  been  saying,  has  been  of  the  greatest  bene- 
fit, viz.  raw  beef  with  the  fat  and  fibrous  tissue  taken 
out  carefully,  and  then  the  muscular  part  chopped  up 
thoroughly  until  it  is  of  the  consistency  of  a thick 
syrup,  so  that  it  can  be  given  with  a spoon.  It  has 
often  been  found  that  infants  will  digest,  and  live  upon 
this,  and  even  get  well,  when  nothing  else  seemed  to  do 
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them  any  good  at  all ; and  I can  safely  say  that  I have 
seen  a larger  number  of  lives  of  children  suffering  from 
severe  diseases  saved  by  this  means  than  by  any  other 
that  I know  of. 

Another  thing  that  causes  a great  amount  of  mis- 
chief among  infants  in  their  digestion,  is  that  they 
are  fed  too  often  ; I do  not  mean  that  they  are  fed  too 
much,  because,  as  Hippocrates  well  said,  “ Children  do 
not  well  support  a fast.”  He  was  perfectly  right ; they 
are  growing  very  quickly,  their  respiration  and  circula- 
tion are  very  quick,  and  they  require  a great  amount  of 
food  ; but  a great  amount  of  mischief  is  caused  by  feed- 
ing them  too  often.  As  a general  rule,  as  soon  as  a 
child  begins  to  squall  out,  something  or  another  is 
stuffed  down  its  throat  by  the  fond  mother  or  attentive 
nurse,  but  this  is  a mistaken  practice.  One  of  the 
most  famous  physicians  in  Europe,  who  has  paid  the 
greatest  amount  of  attention  to  children’s  diseases, 
has  laid  down  the  rule  that  in  the  earliest  part  of 
infancy  the  child  should  be  fed  not  oftener  than  once 
in  every  two  hours,  and  that  the  intervals  should 
gradually  be  lengthened  to  three  hours  ; but  that 
children  ought  not  to  be  awakened  to  be  fed.  In 
that  way  they  have  time  to  digest  the  food  which 
they  take ; but  if  the  system  of  feeding  them  when- 
ever they  cry  is  resorted  to,  they  soon  get  to  know 
that  whenever  they  want  to  be  fed  all  they  have  to  do 
is  to  cry  out ; they  get  fed  irregularly,  and  soon  suffer 
from  indigestion. 

Ho  doubt  the  disturbance  caused  by  teething  often 
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upsets  infants,  but  this  is  of  small  importance  compared 
with  errors  in  feeding. 

Infants  are  especially  affected  by  foul  air,  and  a high 
children’s  death-rate  is  a sure  sign  of  the  general  in- 
sanitary state  of  a place. 

Where  there  is  foul  air  in  and  about  houses,  you 
may  be  almost  certain  that  there  will  be  found  a high 
children’s  death-rate. 

There  is  a class  of  diseases  that  are  especially  pre- 
valent during  infancy  and  childhood, — I mean  infectious 
or  communicable  fevers. 

These  diseases  have  certain  peculiarities.  I will  not 
mention  all  of  them,  only  two  of  the  most  important ; 
one  is  that  they  are  communicable  from  one  person  to 
another,  and  the  other  is  that  when  a person  has  had 
one  of  these  diseases  he  is  not  likely  to  have  it  again. 
Now,  do  not  run  away  with  the  idea  that  he  is  certain 
not  to  have  it  again,  for  persons  may  have  any  one  of 
these  diseases  twice,  three  times,  or  even  more ; and 
such  persons,  by  the  way,  are  admirable  examples  of 
idiosyncrasies. 

A person  who  has  had  small-pox  twice  or  three 
times  must  be  said  to  have  an  idiosyncrasy,  and  such  an 
idiosyncrasy  may  run  in  families.  I once  came  across 
a family,  and  only  once,  in  which  all  the  membeis 
had  had  almost  every  kind  of  infectious  disease,  and 
several  two  or  three  times.  This  is  a curious  example 
of  a very  peculiar  inherited  idiosyncrasy ; so  you  see 
that  it  is  not  impossible  for  a person  to  have  one  of 
these  diseases  more  than  once  ; but  it  is  unlikely. 
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As  I shall  devote  two  lectures  to  the  consideration 
of  these  diseases,  I will  merely  tell  you  now  that  a 
child  suffering  from  one  of  them  should  be  kept  apart 
from  other  children,  and  that  it  is  necessary  to  have  all 
children  vaccinated  before  they  are  three  months  old. 


LECTURE  IX. 


the  health  OF  the  individual — Continued. 

Scarlet  Fever  is  one  of  the  diseases  that  are  very- 
prevalent  among  young  children — a disease,  like  the 
rest  of  these  infectious  diseases,  which  spreads  very 
readily  in  places  where  there  is  no  through  ventilation. 
It  spreads,  for  instance,  in  houses  built  against  a wall. 
It  is  a very  common  plan  in  building  houses  for  work- 
men to  set  up  a wall,  and  then  build  the  houses  back 
to  back  against  this  wall,  and  in  houses  built  in  this 
way  infectious  diseases  spread  with  great  rapidity.  I 
have  known  scarlet  fever  spread  all  down  one  side  of 
a street  until  it  came  to  a cross  street,  where  there  was 
a current  of  air,  beyond  which  it  did  not  spread. 

No  one  has  ever,  so  far  as  I know,  recommended 
that  children  should  be  deliberately  exposed  to  scarlet 
fever  (or  scarlatina,  which  is  the  same  thing),  but  this 
is  often  done  with -measles,  and  sometimes  with  whoop- 
ing-cough. These  are  extremely  infectious  diseases,  and 
especially  diseases  of  childhood ; diseases  which  do 
not  kill  many  children  directly,  but  kill  large  num- 
bers indirectly  by  the  colds  that  they  catch  while 
they  are  getting  well ; a large  number  of  other  children 
are  injured  for  life  or  for  many  years.  It  is  frequently 
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recommended  to  let  children  catch  these  diseases  when 
they  are  prevalent  in  a mild  form,  in  order  that  they 
may  not  have  them  later  in  life,  for,  if  caught  then, 
they  are  more  or  less  dangerous.  Still  a large  number 
of  children  do  die  of  these  diseases  ; they  are  especially 
diseases  of  childhood,  and  we  are  less  likely  to  take 
them  as  we  grow  older.  I think,  therefore,  that  we 
should  try  and  prevent  them,  just  as  we  should  try  and 
prevent  any  other  disease,  and  not  allow  anyone  to  get 
either  of  them  if  we  possibly  can  prevent  it.  No  one  is 
ever  rash  enough  to  assert  that  children  are  better,  and  it 
cannot  be  denied  that  they  are  much  the  worse,  in  many 
instances,  for  having  had  one  of  these  diseases.  I think 
that  it  is  far  better  not  to  expose  children,  but  let 
them  run  their  chance  of  never  having  these  diseases 
at  all. 

Whooping-cough  is  so  infectious  that  I believe  it  is 
of  very  little  use  to  try  to  separate  the  children  in  one 
family.  I believe  that  when  it  gets  into  a family  the 
rest  are  almost  sure  to  get  it  too,  and  that  measures  to 
prevent  this  are  not  of  much  avail. 

Diphtheria  is  another  infectious  disease  that  belongs 
especially  to  childhood  ; it  is  frequently  associated  with 
scarlet  fever,  and  is  often  traced  to  foul  air.  It  is  a very 
fatal  disease. 

Typhoid  or  enteric  fever,  although  one  of  these  com- 
municable diseases,  is  not  a disease  that  is  prevalent 
among  infants,  for  the  simple  reason  that  they  are  not 
so  often  exposed  to  its  poison,  except  when  their  milk 
has  been  mixed  with  water  containing  the  poison,  and 
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when  there  have  been  so-called  milk  epidemics  of 
typhoid  fever,  it  has  frequently  been  observed  that 
infants  took  the  disease,  because  the  poison  was  given 
to  them  in  the  milk  they  drank,  and  it  got  into  that 
milk  from  the  water  that  was  put  into  it,  or,  as  it  is  said, 
from  the  water  which  was  used  to  wash  the  cans  in 
which  the  milk  has  been  kept. 

There  is  another  disease  which  is  very  prevalent 
among  infants,  about  which  I will  quote  the  words  of 
Sir  William  Jenner  : — 

“ First  among  preventible  diseases  I will  place  one, 
the  mortality  from  which,  in  London  at  least,  is  so 
great  as  beyond  question  to  swell  largely  the  death-rate 
of  children  under  two  years  of  age,  and  yet  one  that  has 
no  place  in  the  Registrar- General’s  returns ; I mean 
rickets — the  English  disease,  as  it  was  formerly  called. 
Not  one-  child  ought  to  die  from  rickets  itself,  and  death 
from  its  consequences  ought  to  be  extremely  rare  ; and 
yet  the  mortality  from  rickets,  from  diseases  which 
would  not  occur  but  for  the  pre-existing  rickets,  and 
from  diseases  which  would  be  trifling  but  for  the  co- 
existence of  rickets,  is  enormous. 

“ Fhe  causes  of  rickets  are — poorness  of  the  mothei  s 
blood,  errors  in  diet,  i.e.  feeding  the  child  with  food  un- 
suited to  its  wants  and  to  its  digestive  powers  ; and,  as 
subsidiary  causes,  deficient  light  and  impure  air,  pro- 
duced especially  by  overcrowding  of  the  sleeping-room. 

“ Poverty,  inevitable  poverty,  plays  a great  part  m 
the  production  of  some  of  these  causes.  If  society  did 
its  duty  in  providing  suitable  abodes  for  the  poor,  they 
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would  suffer  little  from  the  want  of  light  or  overcrowd- 
ing at  night.  The  anaemia  of  the  mother  would  be  less, 
and  her  blood  better  fitted  to  nourish  the  infant.  Ignor- 
ance of  the  proper  mode  of  feeding  the  child  assists  in 
the  production  of  rickets  in  a larger  degree  than  poverty. 
Judging  from  my  own  experience,  I should  say  that 
rickets  so  severe  as  to  lead  even  indirectly  to  death 
would  be  comparatively  rare  did  the  poor  know  how  to 
feed  a young  child — were  the  poor  aware  of  the  necessity 
of  the  infant  being  fed  with  food  fitted  to  its  age. 

“ Law  can  do  something  here  ; for  it  can  make  com- 
pulsory the  teaching  of  the  practical  laws  of  health  in  all 
schools  supported  in  any  degree  by  the  public  money. 
To  teach  young  girls  how  not  to  destroy  their  future 
children  is  surely  as  important  as  to  teach  them  much 
of  what  is  now  considered  essential  for  them  to  know. 
I would  have  an  infant  nursery  attached  to  every 
national  girls’  school,  so  that  the  girls  might  be  practi- 
cally taught  how  to  fulfil  their  practical  duties  to  their 
family  and  to  society. 

“ Diffusion  of  practical  knowledge  is  the  great  pre- 
ventive remedy  of  rickets.  Law  can  aid  in  the  spread 
of  that  knowledge  ; and  society,  if  it  did  its  duty,  would 
remove  the  subsidiary  causes  of  want  of  light  and  over- 
crowding. Inevitable  poverty  might  possibly  still  keep 
rickets  in  a grave  form  among  us  ; but  were  rickets  kept 
within  unpreventible  limits  the  death  rate  of  infants  in 
London  would  be  perceptibly  diminished.” 

One  other  thing  I ’have  to  mention,  and  that  is,  that 
all  diseases  due  to  damp,  and  especially  diseases  due  to 
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marshy  places,  are  particularly  fatal  to  infants,  and 
persons  who  are  obliged  to  live  and  to  work  in  marshy 
places  should  send  their  children  somewhere  else.  That 
is  one  of  the  reasons  why  children  are  sent  home  from 
India  by  Europeans,  who  have  to  live  there,  as  some 
of  the  most  fatal  marshy  diseases  are  prevalent  in  that 
country. 

From  all  I have  said  about  children,  you  will  see 
that  I believe,  and  that  those  whom  I have  quoted 
believe,  that  they  require  a great  deal  of  tact  and  care, 
and  that  the  prevalent  idea  that  children  ought  to  be 
hardened  by  exposure  to  cold,  etc.,  and  by  being  given 
various  kinds  of  food,  and  that  they  will  thus  be 
rendered  stronger  and  more  healthy  during  the  rest  of 
their  lives,  is  quite  an  erroneous  one. 

Dr.  Inman  has  put  into  very  plain  language  his 
opinion  of  this  method  of  treating  children.  If  you 
coddle  an  infant  and  take  care  of  it,  it  will  very  likely 
grow  to  be  a strong  healthy  adult;  but  if  you  try  and 
harden  it  by  exposing  it  to  cold,  and  by  not  clothing  it 
properly,  and  in  various  other  ways,  you  must  not  be 
surprised  if  you  “ soon  have  to  measure  it  for  a long 
box.”  That  is  a plain  way  of  speaking  which  has  rather 

gone  out  of  fashion  of  late. 

Let  me  enforce  the  importance  of  this  by  a tale. 
Once  there  was  a very  sickly,  weakly,  puny  infant  born, 
and  the  nurse  who  was  present  was  sent  off  in  a great 
hurry  for  a doctor,  because  the  infant  seemed  so  ill.  She 
went,  thinking  that  the  infant  would  be  dead  before  she 
could  bring  any  doctor  to  see  it.  That  infant  was  pro- 
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perly  taken  care  of,  and  grew  up  to  be  Sir  Isaac  Newton. 
I leave  you  to  imagine  where  the  world  would  have 
been  if  that  infant  had  been  treated  with  the  hardening 
method,  which  we  all  know  is  so  prevalent  now-a-days. 

Nature  and  nature’s  laws  lay  liid  in  night ; 

God  said,  Let  Newton  be,  and  all  was  light. 

We  go  on  then  : you  must  remember  that  we  are 
dealing  with  the  growing  periods  of  life,  and  not  only  do 
the  wastes  of  the  body  require  to  be  replenished,  but  the 
body  has  to  increase  in  weight,  and  so  a good  deal  of 
food  is  required ; and,  like  infants,  young  people  require 
a good  deal  of  food,  and  require  food  more  often  in  the 
day  than  older  people — four  meals,  or  in  some  instances 
five,  are  certainly  not  too  much  for  them — and  they  have 
to  digest  and  absorb  that  food ; and  to  do  this  their 
circulation  and  respiration  have  to  be  kept  up  to  their 
proper  degree  of  action ; so  they  require  a good  deal 
of  exercise,  and  exercise  in  the  open  air  is  one  of  the 
most  important  things  for  children.  The  degeneracy  of 
the  population  of  our  large  factory  towns,  which  has 
been  pointed  out  of  late  years,  is  chiefly  due  to  the  fact, 
in  the  first  place,  that  infants  are  not  properly  fed,  and, 
secondly,  that  the  children  do  not  have  either  a sufficient 
amount  of  food  or  a sufficient  amount  of  exercise  ; they 
are  employed  too  early  at  hard  labour,  and  therefore 
grow  up  stunted. 

A good  deal  of  sleep  is  required  by  young  children. 
Nine  hours  is  commonly  laid  down  by  the  best  authors 
as  the  proper  amount  ; and  it  is  extremely  important 
that  their  mental  work  should  not  be  too  prolonged. 
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They  should  have  about  the  same  amount  of  time 
for  physical  exercise  as  for  mental  work,  and  it  should 
be  divided  during  the  day.  The  short-time  system, 
which  is  gaining  ground  in  so  many  schools  now-a-days, 
is,  I am  quite  sure,  a correct  principle.  Children  should 
not  be  kept  hard  at  their  studies  for  more  than  two 
hours  at  a time. 

A great  amount  of  mischief  then,  again,  arises  from 
the  position  that  children  assume  when  sitting ; they 
are  very  apt  to  take  up  wrong  positions,  and  so  get 
curvature  of  the  spine.  A very  important  thing,  too, 
which  is  often  neglected  in  schools  and  offices,  is  the 
direction  in  which  the  light  comes  on  to  the  tables  or 
desks  ; when  a child  (or  a grown-up  person)  is  sitting  at 
a table,  the  light  should  not  come  from  the  back,  or  else 
his  shadow  is  on  the  paper,  and  he  twists  on  one  side, 
and  so  gradually  gets  curvature  of  the  spine  ; the  light 
should  not  come  from  the  front,  or  else  it  is  reflected  by 
the  paper  into  his  eyes  and  dazzles  him ; it  should  not 
come  from  the  right  side,  because  it  causes  the  shadow 
of  his  hand  to  fall  on  that  part  of  the  paper  on  which 
he  is  writing,  but  the  light  should  come  from  the  left- 
hand  side.  This  appears  a small  matter,  but  it  is  an 
exceedingly  important  one,  as  it  is  connected,  you  see, 
with  such  a serious  disease  as  curvature  of  the  spine. 

Infectious  fevers  are  very  prevalent  in  childhood. 
Typhoid  fever  is  more  prevalent  than  it  was  in  in- 
fancy, and  scrofulous  diseases  are  very  prevalent  among 
children  who  live  in  bad  hygienic  conditions,  as  those 
who  live  in  damp  houses,  or  who  are  badly  fed  ; and 
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especially  among  children  who  are  descended  from  a 
scrofulous  family. 

Consumption  is  also  prevalent,  and  more  especially 
so  where  children  live  in  overcrowded  rooms. 

During  childhood  the  second  set  of  teeth  come  out, 
and  we  have  the  same  diseases  due  to  dentition  as  when 
the  first  set  were  being  cut — convulsions  and  general 
derangements  and  disturbances  of  the  digestive  system. 
While  the  second  set  of  teeth  are  being  cut  very 
serious  disturbances  may  occur  to  children’s  systems,  and 
you  must  not  be  surprised  if  children  are  fretful  and 
troublesome  without  any  apparent  cause  at  about  five 
years  of  age,  when  their  jaws  contain  both  sets  of  teeth 
at  once,  with  the  exception  of  the  wisdom  teeth,  when 
forty-eight  teeth  are  growing  in  their  jaws  all  at  once. 
When  you  know  the  trouble  of  any  little  thing  wrong 
with  either  of  your  teeth,  you  can  easily . imagine 
the  trouble  and  pain  it  causes  a child  when  twenty- 
eight  permanent  teeth  are  growing  in  the  jaws,  and 
displacing  the  twenty  temporary  ones. 

At  this  time,  too,  the  bad  effects  of  rickets  in  infancy 
show  themselves  in  a very  marked  degree.  Rickets  is 
a disease  in  which  the  bones  are  unable  to  take  sufficient 
of  the  lime  salts  out  of  the  blood,  so  that  they  are  too 
soft,  and  one  of  the  worst  effects  of  this  is,  that  when  the 
external  air  presses  upon  the  chest  walls  during  expira- 
tion, and  the  lungs  inside  collapse,  it  bends  the  soft  ribs, 
and  so  pushes  the  breast-bone  forwards  and  makes  the 
child  pigeon-breasted,  so  that  the  lungs  cannot  expand 
as  far  as  they  did  before  ; the  heart  is  likewise  impeded 
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in  its  action.  Yon  see,  then,  that  rickets  is  a very  serious 
disease,  and  its  prevention  of  extreme  importance.  You 
must  take  the  words  of  Sir  William  Jenner,  that  it 
is  the  first  of  many  preventible  diseases,  and  ought  to 
he  prevented.  Another  evil  of  rickets  is,  that  the  bones 
of  the  legs  of  ricketty  children  being  soft,  when  they 
walk,  which  they  are  not  inclined  to  do,  the  weight  of 
their  body  is  too  much  for  the  soft  bones  in  the  legs, 
and  so  you  have  crooked-legged  children. 

In  youth,  the  third  period,  growth  is  still  going 
on  : a great  deal  more  food  is  required  then  than  later 
on  in  life,  and  much  exercise  is  desirable.  It  is  not 
necessary  to  warn  great  numbers  of  the  youths  of  this 
country  that  exercise  is  necessary,  for  sometimes  it 
would  appear  to  he  almost  worshipped,  hut  there  are 
great  masses  of  people  in  this  country  who  do  not  take 
a right  amount  of  exercise.  Girls,  as  a rule,  do  not  take 
anything  like  as  much  as  they  ought ; it  has  become 
very  much  more  prevalent  in  girls’  schools  to  make  them 
take  more  exercise,  and  it  is  a very  good  thing;  but 
there  are  numbers  of  young  people  who  are  engaged 
many  hours  a day,  not  at  work  which  requires  much 
bodily  exercise,  hut  at  work  which  is  called  sedentary 
work,  sitting  in  offices  and  work-rooms,  and  they  do 
not  feel  much  inclined  for  exercise  when  the  day’s 
work  is  over,  and  very  often,  in  the  time  that  they  might 
devote  to  exercise,  do  many  other  things  which  are  not 
by  any  means  advantageous  to  them.  It  ought  to  be 
impressed  upon  them  that  they  are  people  who,  at  their 
time  of  life,  require  bodily  exercise, — I mean  bodily  exer- 
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cise  in  which  all  their  muscles  are  more  or  less  brought 
into  play.  Walking  to  and  from  their  business  is  all 
very  well  in  its  way,  but  it  by  no  means  exercises  all  the 
muscles  of  the  body.  There  are  plenty  of  exercises  that 
can  be  got  at  a very  little  cost.  Foremost  are  regular 
gymnastic  exercises  : by  the  regular  practice  of  these  all 
the  muscles  of  the  body  are  exerted  in  turn,  and  they 
have  a great  advantage  in  that  a very  short  time  is 
sufficient  for  them  every  day.  Gymnastic  exercises  are 
not  always  or  often  performed  in  the  open  air, — that  is 
one  of  their  disadvantages,— but  they  are  generally  per- 
formed in  well-ventilated  rooms,  which  is  the  next 
best  thing. 

Another  exercise  which  should  be  resorted  to  by  a 
great  many  more  than  it  is  in  the  summer  is  swim  mi  no- 
— an  exercise  by  which  almost  all  the  muscles  of  the 
body  are  brought  into  play,  and  which  is  also  beneficial 
from  the  point  of  view  of  cleanliness.  And  here  I ought 
to  say  that  youth  is  the  time  when  habits  of  life  are 
formed,  and  it  is  especially  important  that  they  should 
be  formed  in  the  right  way  ; it  is  a time  when  such  a 
habit  as  that  of  cleanliness,  by  which  the  action  of  the 
skin  is  promoted,  should  be  formed,  and  when  habits  of 
attention  to  the  action  of  the  excretory  organs  of  the 
body  should  be  inculcated  ; because  if  the  waste  sub- 
stances are  not  separated  from  the  body  as  they  are 
formed  they  will  be  re-absorbed  into  the  blood,  and  will 
poison  it  ; that  poisoned  blood  will  be  distributed  to 
the  various  tissues  of  the  body,  and  I believe  that  we 
have  no  idea  how  many  of  the  diseases  of  middle  and 
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old  age  are  due  to  the  neglect  of  the  proper  action  of 
the  excretory  organs. 

After  exercise  there  should  be  no  fatigue  felt  for  any 
length  of  time ; if  fatigue  is  felt  for  a long  period 
after,  it  is  a sign  that  either  the  exercise  has  been 
too  violent  or  too  prolonged  ; and  that  makes  me  re- 
mark that  it  is  extremely  important  that  exercise  should 
not  be  taken  too  violently.  It  is  necessary  that  there 
should  be  plenty,  and,  later  on,  much  more  violent  and 
prolonged  exercise  can  be  taken  with  impunity  than 
could  have  been  taken  during  the  period  of  growth. 

Another  habit  that  is  sometimes  formed  during  this 
period  of  youth  is  the  habit  of  drinking  alcoholic 
liquors.  Now,  whatever  we  may  think,  whether  we 
agree  with  those  who  say  that  alcoholic  liquors  are  in- 
jurious, or  whether  we  are  of  opinion  with  Dr.  Parkes, 
that  we  are  not  in  a position  to  say  that  alcoholic 
liquors  are  altogether  injurious,  we  must  agree  with  the 
statement  that  the  drinking  of  alcoholic  liquors  is  ex- 
tremely pernicious  to  young  people — there  are  no  two 
opinions  upon  that  point ; and,  perhaps,  a still  more 
important  thing  is,  that  habits  of  this  nature  are  very 
easily  contracted,  but  very  difficult  to  get  rid  of  later 
on  in  life. 

While  I am  discussing  habits,  I may  mention  smok- 
ing—a habit  that,  in  this  country  at  any  rate,  is,  practi- 
cally speaking,  confined  to  one  sex.  Now,  whatever  we 
may  think  with  regard  to  smoking,  whether  we  think  it 
altogether  injurious,  or  whether  we  agree  with  a large 
number  of  people  who  think  that,  later  in  life,  after  the 
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fatigues  of  a day’s  mental  and  physical  work,  the  sooth- 
ing of  a pipe  or  a cigar  is  a very  pleasant  and  agreeable 
thing,  and,  on  the  whole  advantageous,  there  are  not 
two  sides  to  the  question  when  applied  to  growing 
people.  Everybody  agrees  who  has  studied  the  subject 
at  all,  that  for  growing  boys  smoking  is  an  unmixed 
evil,  and  that  fact  cannot  he  too  widely  known. 

Consumption  is  the  most  fatal  of  all  diseases  during 
youth.  I told  you  before  that  it  is  the  plague  of 
• our  climate,  and  it  is  especially  so  at  this  period  of  life. 
It  is  then  it  exerts  the  utmost  fatal  influence,  and  it  is 
especially  prevalent  among  young  people  who  have  to 
work  either  in  trades  where  there  is  much  dust  in  the 
air,  or  who  have  to  work  in  close  over-crowded  rooms, 
where  they  breathe  air  over  and  over  again.  The  trades 
in  which  consumption  is  especially  prevalent  are  those 
in  which  there  is  much  dust  in  the  air,  it  does  not 
matter  what  kind  of  dust ; and  there  can  be  no  doubt 
that  a great  deal  of  consumption  among  work-people 
would  be  prevented  if  they  would  take  the  precaution  of 
wearing  something  to  prevent  the  dust  being  drawn  into 
the  lungs.  Several  admirable  things  have  been  de- 
signed, and  one  of  them  has  been  designed  by  Professor 
Tyndall — a respirator,  containing  cotton- wool,  which  is 
capable  of  filtering  off  from  the  air  that  people  breathe 
the  dust  that  it  contains,  and  there  can  be  no  manner 
of  doubt  whatever  that  if  work-people  could  be  induced 
to  wear  this,  or  something  like  it,  they  would  be  pre- 
vented, in  many  instances,  from  becoming  consumptive. 
Many  work-people  are  only  persuaded  with  the  greatest 
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difficulty  to  use  anything  that  prevents  their  trade  from 
being  a dangerous  and  therefore  a lucrative  one  ; and  a 
most  notable  example  of  this  is  the  extreme  difficulty 
there  was  in  introducing  the  Davy  safety-lamp. 

At  this  time  of  life,  too,  ansemia,  or  bloodlessness,  is 
particularly  prevalent  among  those  who  work  in  over- 
crowded, close  rooms,  with  many  gas  lights.  It  is  espe- 
cially prevalent  among  young  girls  who  sit  for  a large 
number  of  hours  together  in  such  rooms,  and  the  only 
•cure  for  it  is  change  of  occupation  ; it  is  perfectly  hope- 
less to  do  anything  else. 

Eheumatic  fever  is  very  prevalent  among  young 
people,  from  catching  cold.  This  is  a much  more  serious 
disease  than  is  commonly  thought,  because  it  consists 
of  inflammation  of  the  fibrous  tissues  of  the  body, 
among  which  are  the  serous  membranes  of  the  joints, 
and  among  the  serous  membranes  that  are  sometimes 
inflamed  are  the  two  that  are  inside  and  outside  the 
peart  — the  endocardium  and  the  pericardium ; and 
when  this  happens  it  frequently  causes  a permanent 
alteration  of  the  valves  of  the  heart,  so  that  those 
valves  no  longer  act  properly,  and  we  have  what  is 
called  valvular  heart  disease ; this  always  gets  worse, 
and  cannot  get  better  ; it  gets  worse  during  the  rest  of 
life,  and  invariably  shortens  it,  so  that  every  possible 
precaution  to  prevent  young  people  from  getting  rheu- 
matic fever  should  be  taken.  It  is  not  a commu- 
nicable disease,  like  scarlet  fever,  whooping-cough, 
.or  measles,  and  has  not  the  property  of  commufflj 
cable  diseases,  that  having  had  it  once  you  cannot 
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take  it  again  ; but,  on  the  contrary,  when  you  have  had 
rheumatic  fever  once  you  are  more  likely  to  have  it 
again,  and  if  you  do  not  get  heart  disease  the  first  time 
you  are  very  likely  to  get  it  the  second  time. 

In  manhood,  the  diseases  we  get  are  especially 
chronic  diseases,  and  many  of  them  result  from  having 
diseases  in  youth,  for  instance  chronic  rheumatism,  and 
the  most  important  thing  during  manhood  is  to  take 
care  not  to  eat  too  much  food.  In  manhood,  all  that 
has  to  be  replaced  is  the  losses  that  are  continually  tak- 
ing place  ; there  is  no  increase  in  weight,  we  remain 
stationary  at  the  same  weight,  or  about  the  same,  for 
some  years  ; there  are  slight  variations,  but  they  are  of 
no  importance  whatever  ; any  great  variation  from  the 
ordinary  weight  during  manhood  is  to  be  regarded  sus- 
piciously ; any  great  increase  in  weight  shows  that  a 
man  is  either  taking  too  much  food  or  not  enough  ex- 
ercise, or  both  ; and  it  should  be  remembered,  in  con- 
nection with  this,  that  in  manhood  a man  should  not 
leave  off  his  exercise ; he  should  take  as  much  exercise 
as  he  finds,  practically  speaking,  good  for  him,  without 
tiring  himself  too  much,  or  he  will  increase  in  weight, 
and  begin  to  age  sooner  than  he  ought.  On  the  other 
hand,  any  decrease  in  weight  is  to  be  regarded  sus- 
piciously, because  it  is  likely  to  be  the  sign  of  some 
disease  ; nevertheless,  the  variation  of  a few  pounds 
either  way  is  of  no  importance  whatever. 

At  or  before  middle  age  the  results  of  habits  begin 
to  show  themselves,  and  the  result  of  one  habit,  that  of 
drinking  alcoholic  liquors,  begins  to  show  itself  sorne- 
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times  in  a very  marked  manner.  It  is  at  this  time 
that  those  persons  who  have  been  accustomed  to  drink 
small  quantities  of  spirits  during  the  day  begin  to  find 
that  they  have  something  the  matter  with  the  liver  ; 
a man  begins  to  find  out  that  he  has  a liver,  in  fact. 
The  fibrous  structures  of  the  liver  are  increased,  they 
grow  at  the  expense  of  the  proper  liver  structure,  and 
ihey  compress  it,  and  so  press  upon  the  small  branches 
of  the  portal  vein  which  brings  the  blood  to  the  liver, 
and  the  blood  is  prevented  from  circulating  through  the 
liver  in  the  way  in  which  it  ought  to  be  circulated  ; it  is 
resisted  by  the  structure  of  the  liver,  and  so  the  liquid 
part  gets  through  the  walls  of  the  capillary  vessels  into 
the  peritoneal  sac — that  sac  which  is  folded  in  and  about 
the  organs  of  the  abdomen — and  the  result  is  dropsy 
of  the  abdomen.  Now,  this  particular  kind  of  liver  is 
quite  easily  distinguished,  and  is  so  thoroughly  well 
recognised  as  being  caused  by  drinking  alcohol,  that  it 
goes  among  physicians  by  the  name  of  the  gin  drinker’s 
liver.  The  result  of  this  disease  is  death,  which  is 
caused  in  several  ways,  sometimes  by  the  fluid  be- 
coming so  great  in  amount  that  it  presses  upon  the 
diaphragm,  impedes  the  action  of  the  lungs  and  heart, 
and  causes  death,  you  may  almost  say,  by  suffocation. 
The  habit  of  drinking  spirituous  liquors  during  life  does 
not  always  result  in  tills,  but  it  often  results  in  a bad 
form  of  indigestion.  There  are  various  reasons  why 
the  drinking  of  alcohol  causes  indigestion.  I shall 
speak  more  about  them  when  I come  to  speak  about 
foods  and  drinks  ; but  I want  to  point  out  here  that  we 
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pay  much  too  little  attention  to  indigestion,  and  the 
drinking  of  alcoholic  liquors  is  certainly  the  first 
cause  of  indigestion.  If  our  food  be  not  properly 
digested  it  cannot  be  absorbed,  the  tissues  of  the  body 
cannot  be  nourished,  and  they  degenerate,  so  that 
alcohol  causes  degeneration  of  the  tissues  indirectly  by 
causing  indigestion,  and  causes  degeneration  directly 
by  reason  of  its  presence  in  the  blood,  and  so  spirit- 
drinkers,  whether  they  have  this  liver  disease  or  not, 
have  degeneration  of  the  various  tissues  of  the  body,  and 
so  they  have  other  diseases  of  the  internal  organs. 

Another  thing  that  it  is  extremely  important  to 
attend  to  during  this  period  of  life  is  the  action  of  the 
excretory  organs  of  the  body ; the  action  of  these  organs 
tends  to  become  languid,  and  the  most  important  ones 
to  attend  to  are  the  skin  and  the  intestinal  canal.  The 
action  of  the  skin  should  be  attended  to  by  frequent 
washing,  because  if  the  surface  of  the  skin  is  not  pro- 
perly cleansed  its  action  will  be  impeded  ; and  the  other 
excretory  organs — the  lungs  and  the  kidneys — will  have 
to  do  the  work  of  the  skin,  and  these  organs  will  be 
liable  to  become  diseased,  so  there  is  no  doubt  whatever 
that  a large  number  of  the  diseases  of  the  lungs  and 
kidneys  during  manhood,  and  during  the  later  periods  of 
life,  is  to  a great  extent  due  to  insufficient  action  of 
the  skin. 

During  this  period  of  life  such  diseases  as  diabetes, 
kidney  disease,  gout,  and  chronic  lung  diseases,  are 
very  common,  and  some  of  the  causes  of  them  are 
those  I have  just  mentioned. 
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We  pass  on  to  green  old  age  and  decrepit  old  age, 
and  in  these  periods  the  diseases  are  chronic. 

There  are  diseases  that  especially  belong  to  this  time 
of  life,  such  as  cancer,  a disease  for  which  no  prevention 
and  no  remedy  has  yet  been  discovered.  Gout,  too,  be- 
longs more  particularly  to  this  time  of  life. 

In  old  age,  however,  the  first  great  thing  is  to  avoid 
the  cold.  Cold  which  is  so  destructive  to  young  children 
is  destructive  also  to  old  people,  and  the  old  proverb, 
“ A green  winter  a full  churchyard,”  is  like  a good 
many  other  old  proverbs,  a total  mistake.  It  is  during 
cold  winters  that  the  highest  death  rates  are  observed, 
and  this  is  because  so  many  old  people  die  from  cold. 

Old  people  cannot  stand  the  cold,  and  they  require 
to  he  warmly  clad,  and  not  to  be  exposed  too  much  to 
the  cold  air  in  winter.  But  the  reason  that  old  people 
cannot  stand  the  cold  is  because  they  cannot  manu- 
facture sufficient  heat  to  resist  it,  the  actions  of  the 
various  organs  are  going  on  slower,  respiration  goes  on 
slower,  the  capacity  of  the  lungs  is  smaller,  the  elasticity 
of  the  air-sacs  of  the  lungs  is  impaired,  so.  that  they  do 
not  recoil  and  drive  out  the  air  in  the  way  they 
did  when  young.  The  respiration  is  enfeebled,  the 
beats  of  the  heart  are  slower,  the  arteries  do  not  recoil 
as  well  upon  the  blood,  that  is,  they  do  not  force  it 
along  as  well,  and  so  there  is  a weakened  respira- 
tion, and  weakened  circulation,  less  oxygen  taken  into 
the  blood,  slower  circulation  of  the  blood,  less  oxidisa- 
tion going  on  in  the  blood,  and  less  animal  heat  pro- 
duced; and  so  old  persons  do  not  produce  sufficient 
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animal  heat  to  allow  them  to  expose  themselves  to  the 
cold  in  the  way  they  were  able  to  do  when  they  were 
younger,  and  that  is  why  so  many  deaths  in  old  age 
are  caused  by  the  cold  ; the  circulation  of  blood  in  the 
skin  is  impeded,  and  the  blood  is  thrown  upon  the  in- 
ternal organs,  some  of  which,  being  perhaps  already 
diseased,  fall  readily  into  a state  of  severe  disease, 
which  ends  in  death  through  lung  disease,  kidney  disease, 
and  so  on.  The  action  of  the  skin  tends  to  become 
extremely  languid,  and  as  cold  cannot  be  borne  by  old 
people,  they  should  stimulate  the  action  of  the  skin 
by  frequent  washing  with  tepid  water. 

I may  here  mention  that  during  the  earlier  periods 
of  life  washing  with  cold  water  is  an  exceedingly 
important  thing,  and  it  should  be  performed  early  in  the 
morning,  not  merely  from  the  point  of  view  of  cleanli- 
ness, but  from  the  general  tonic  effect  on  the  system, 
and  people  who  cannot  stand  cold  water  all  through 
the  year  should  use  the  water  slightly  tepid.  If  young 
people  do  not  have  a proper  reaction  after  a cold  spong- 
ing in  the  winter,  they  ought  not  to  take  the  chill  off 
the  water,  as  they  are  generally  told  to  do ; that  makes 
it  a warm  bath,  and  is  a mistake  ; but  they  should  add 
just  sufficient  warm  water  to  it  as  to  make  it  only  a 
little  colder  than  themselves,  so  that  it  may  have  the 
tonic  effect,  and  it  will  then  have  the  same  effect  as 
when  they  take  their  cold  bath  in  summer. 

Perhaps  the  most  important  thing  to  attend  to  in 
old  age,  after  the  avoidance  of  exposure  to  the  cold,  is 
the  action  of  the  skin,  and  another  thing  is  that  the 
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food  should  be  divided  very  carefully.  The  division 
of  the  food  is  an  important  thing  during  the  whole  of 
life.  A great  deal  depends  upon  our  masticating  our 
food.  Most  of  us  eat  our  food  much  too  fast,  giving  our 
stomachs  a great  deal  to  do  which  our  teeth  ought  to 
do.  This  is  a great  mistake,  and  one  of  the  most  com- 
mon causes  of  indigestion. 

In  extreme  old  age,  of  course,  cold  would  be  a very 
pernicious  thing,  hut  by  the  time  an  old  man  has  got 
to  Shakspeare’s  “ sans  teeth,  sans  eyes,  sans  taste,  sans 
everything,”  he  has  learned  wisdom,  and  he  does  not 
expose  himself  to  the  cold  weather,  and  so,  as  a matter 
of  fact,  the  cold  is  not  the  main  agent  of  death  among 
decrepit  old  people,  because  they  do  not  expose  them- 
selves to  it ; they  die  because  the  end  of  their  work  has 
come,  because  their  system  has  gone  on  working  as  long 
as  it  is  able  to  work ; the  lungs  stop  working,  the  blood 
ceases  to  be  aerated,  the  heart  stops  beating,  and  life  is 
over. 

There  are  certain  precautions  which  should  be  taken 
while  people  are  recovering  from  severe  illnesses — during 
their  convalescence. 

The  first  sign  of  convalescence,  or  of  the  recovery  of 
health  after  severe  acute  disease,  such  as  a severe  fever,  is 
the  return  of  hunger.  During  the  course  of  the  disease 
the  patient  has  evinced  no  hunger,  and  you  have  been 
doing  everything  you  could  devise  to  induce  him  to  take 
what  nourishing  food  he  was  capable  of  digesting, 
although  he  cared  nothing  about  it.  In  many  diseases 
recovery  depends  upon  feeding  the  patient.  The  fiist 
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sign  of  his  getting  well  is  hunger,  and  there  are  two 
things  which  have  to  he  guarded  against.  The  first 
is  over-feeding. 

The  system  is  very  weak,  the  stomach  has  been  for 
a long  time  supplied  with  bad  blood,  and  it  is  not  in  a 
condition  to  stand  a heavy  meal,  and  so  convalescents 
should  he  fed  sparingly,  and  with  only  the  most  digest- 
ible things.  When  the  sign  of  hunger  returns,  they 
should  be  fed  at  first  with  milk  or  broths,  beef-tea, 
and  jellies,  and  extremely  digestible  things  of  that 
kind.  After  that  they  should  be  fed  with  fish,  boiled 
fowl,  and  so  on,  until  a regular  mixed  diet  is  reached. 
Another  warning  is  that  you  should  not  be  deceived  by 
false  signs  of  hunger.  The  true  sign  of  the  return  of 
real  hunger  is  the  return  of  taste,  properly  so  called.  If 
a person  is  getting  well  from  a severe  fever,  and  evinces 
a desire  to  eat  chalk,  or  sponge,  or  slate-pencils,  or 
strange  articles  of  that  sort,  that  is  a false  taste,  not  a 
sign  of  true  appetite ; you  ought  to  be  more  on  your 
guard  than  ever  about  feeding  him.  The  first  sign,  then, 
of  convalescence,  is  the  return  of  hunger,  with  a taste 
for  proper  kinds  of  food. 

The  nervous  system  is  in  a very  excitable  condition, 
because  it  has  been  long  supplied  with  bad  blood — 
perhaps  with  poisoned  blood — and  persons  recovering 
from  severe  diseases  should  not  be  exposed  to  much  noise 
by  people  talking  to  them,  or  else  they  will  get  head- 
aches, noises  in  the  ears,  dizziness,  and  signs  of  that 
kind.  Lying  a very  long  time  in  bed,  perhaps  perspir- 
ing  a good  deal,  the  skin  is  rendered  very  sensitive  to 
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cold,  and  it  is  extremely  important  that  people  who 
are  in  this  condition  should  be  prevented  from  catching 
cold.  It  is  important,  in  all  cases,  but  especially  im- 
portant during  convalescence  from  certain  diseases. 
One  of  these  is  scarlet  fever,  after  which  they  are 
liable  to  catch  cold  which  settles  on  their  kidneys  and 
produces  kidney  disease  ; this  very  commonly  follows 
scarlet  fever.  Catching  cold  is  a very  dangerous  thing 
after  measles  and  whooping-cough.  Children  do  not 
die  from  measles  and  whooping-cough  themselves,  but 
they  often  die  from  the  lung  diseases  that  they  catch  by 
taking  cold  while  they  are  getting  well. 

As  regards  rheumatic  fever,  if  you  catch  cold  you 
are  very  liable  to  get  it  again,  and  every  time  you  get 
it  it  is  more  and  more  likely  that  you  will  get  heart 
disease.  After  rheumatic  fever  there  is,  then,  a special 
reason  for  preventing  people  from  catching  cold. 

There  is  a particular  danger  that  arises  while  people 
are  getting  well  from  typhoid  or  enteric  fever.  In 
typhoid  fever  those  glands  in  the  small  intestines, 
which  we  call  “ Peyer’s  patches,”  are  ulcerated.  Ulcers 
form  in  the  small  intestines  during  typhoid  fever. 
Now,  it  frequently  happens,  that  while  people  are  get- 
ting well  from  typhoid  fever,  if  they  get  up  too  soon 
and  go  about,  or  sit  up  in  bed,  one  of  these  ulcers  will 
break  through  the  wall  of  the  intestines  and  let  the 
contents  out  into  the  cavity  of  the  peritoneum,  causing 
inflammation,  extreme  pain,  and  death;  so  that,  in 
typhoid  fever,  you  should  be  extremely  careful,  even 
in  the  mildest  cases,  that  convalescents  do  not  move 
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about  too  soon,  because,  while  they  are  getting  well 
from  typhoid  fever,  these  ulcers  still  exist ; if  the 
person  remains  quiet  they  will  most  likely  heal  up, 
and  he  will  get  well.  I have  known  it  occur  that 
a person  has  sat  up  in  bed,  broken  one  of  these 
ulcers,  and  fallen  back  dead.  Exercise  should  be  taken 
very  gradually  by  persons  recovering  from  these  diseases, 
for  very  obvious  reasons,  because  they  are  very  weak. 
They  should  first  walk  about  their  rooms ; then  about 
in  the  house  ; and  then  out  of  doors  in  the  freshest 
part  of  the  day,  when  it  is  neither  too  hot  nor  too  cold, 
and,  of  course,  in  fine  weather. 

The  beds  upon  which  sick  people  lie  should  be 
neither  too  hard  nor  too  soft,  except  in  the  case  of 
rheumatic  fever,  when  it  is  difficult  for  them  to  be  too 
soft.  Their  covering  should  not  be  too  heavy,  and  one  pre- 
caution, especially,  should  be  taken— that  is,  that  people 
suffering  from  rheumatic  fever  should  not  sleep  in  sheets, 
but  in  flannels  and  blankets,  not  in  linen  or  cotton  of 
any  kind ; and  the  reason  is,  that  they  perspire  so 
copiously,  that  the  sheets  become  wringing  wet,  and  are 
of  necessity  left  so,  because  to  move  persons  suffering 
from  this  disease  is  so  painful. 

One  of  our  first  authors  on  heart  disease  says  that 
he  believes  two-thirds  of  the  cases  of  heart  disease  after 
rheumatic  fever  might  be  prevented  by  this  simple  pre- 
caution. 

Ventilation  of  the  sick  room  is  a very  important 
thing.  Eresh  air  should  always  be  admitted  into  these 
rooms,  and  the  best  way  to  admit  it,  especially  if  the 
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person  is  suffering  from  an  infectious  disease,  is  to  open 
the  windows  on  the  staircase  of  the  house,  so  as  to  let 
the  air  from  the  house  into  the  sick  room.  If  you  open 
the  windows  in  the  sick  room,  the  air  from  the  sick 
room  gets  blown  into  the  rest  of  the  house ; so  it  is 
necessary  to  have  fresh  air  in  the  sick  room,  and,  at  the 
same  time,  to  take  precautions  that  that  fresh  air  shall 
not  pass  through  the  sick  room  and  carry  the  poison  of 
the  disease  into  the  rest  of  the  house. 


LECTUKE  X. 


THE  AIR. 

The  air  we  breathe,  about  which  I am  going  to  speak 
to-night,  is  a material  substance.  We  feel  it  when  it 
blows  upon  our  faces,  and  we  find  it  exercises  pressure 
upon  objects  on  the  surface  of  the  earth. 

If  I take  a bottle  of  water,  and  invert  it  in  a basin 
of  water,  something  keeps  the  water  up  in  the  bottle, 
and  that  is  the  pressure  of  the  external  air  upon  the 
surface  of  the  water  in  the  basin,  and  that  water  would 
remain  in  the  bottle  if  it  were  thirty  feet  high,  be- 
cause the  pressure  of  the  external  air  is  capable  of 
keeping  up  a column  of  water  about  thirty-three  feet 
high. 

Air  is  a mixture  of  gases.  What  do  we  mean  by 
a mixture  ? When  substances  are  mixed  together  the 
weight  of  the  mixture  is  of  course  the  sum  of  the 
weights  of  the  substances  mixed  ; nothing  is  lost ; and 
the  mixture  has  properties  which  are  the  mean  of 
those  of  the  substances  which  are  mixed.  For  instance, 
if  I take  sugar  and  sand  and  mix  them  together,  the 
weight  of  the  mixture  is  the  weight  of  the  sand  and  the 
sugar  together,  and  I get  also  the  mean  of  the  properties 
of  sand  and  sugar,  according  to  the  proportions  of  sand 
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and  sugar  that  I have  taken  ; a certain  quantity  will 
remain  soluble  in  water,  and  a certain  quantity  not. 
If  I make  a mixture  of  alcohol  and  water,  the  resulting 
mixture  will  have  the  properties  which  are  the  mean  of 
the  properties  of  alcohol  and  water,  for  example,  the 
specific  gravity  will  be  the  mean  of  the  specific  gravities 
of  alcohol  and  water,  according  to  their  quantities  ; 
that  is  what  is  meant  by  a mixture. 

Certain  gases  exist  in  the  air  in  the  condition  of  a 
mixture,  so  that  the  properties  of  the  air  are  the  mean 
properties  of  those  gases  in  the  proportions  in  which 
they  are  mixed.  I insist  upon  this,  because  a mixture 
is  a very  different  thing  from  a chemical  compound, 
and  I want  you  to  understand  that  the  air  is  not  a 
chemical  compound. 

In  chemical  compounds  the  same  rule  holds  as  to 
weight ; the  weight  of  a compound  is  the  sum  of  the 
weights  of  the  substances  combined. 

The  difference  between  a mixture  and  a compound 
is  that  when  substances  are  mixed  we  get  the  mean 
of  their  properties  as  a result,  but  you  can  never 
predict  the  properties  of  a compound  from  the  pro- 
perties of  the  substances  combined,  unless  you  have 
learnt  previously  what  is  going  to  be  the  result.  Let 
us  take  an  illustration. — Suppose  I were  to  put  out 
the  gas  and  then  turn  the  tap  on,  the  gas  would  escape 
from  the  pipe  and  mix  with  the  air  of  the  room,  and  the 
resulting  mixture  would  have  properties  which  would 
be  the  mean  of  the  properties  of  the  air  in  the  room,  and 
the  gas,  according  to  their  proportions.  Now,  suppose 
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I applied  a light  to  that  mixture,  you  all  know  that  it 
would  explode,  and  the  result  would  be  the  production 
of  substances  perfectly  different  from  either  the  air  or  the 
gas,  substances  of  which  you  could  not  predict  the  pro- 
duction, if  you  did  not  know  beforehand  the  result  of 
the  experiment.  The  substances  produced  when  gas 
burns  in  the  air  are  entirely  different  from  either  the 
gas  or  the  air. 

To  show  this  more  clearly,  suppose  I take  a solution 
in  water  of  a salt  of  silver,  and  a solution  of  common 
salt,  in  two  different  tubes  ; these  are  two  clear  colourless 
liquids.  Now,  unless  you  knew  beforehand  what  the 
result  of  mixing  them  would  be,  it  would  be  impossible 
to  predict  it,  for  if  I pour  one  into  the  other  a white 
opaque  substance,  insoluble  in  water,  is  produced,  which 
is  a compound  of  one  of  the  substances  contained  in 
common  salt  with  the  silver  ; again,  if  I take  a solution 
of  corrosive  sublimate,  which  is  a salt  of  mercury,  and  a 
solution  of  iodide  of  potassium,  two  colourless  liquids, 
and  mix  them,  a salmon-coloured  insoluble  substance 
is  produced  which  you  could  not  have  expected  if  you 
had  not  learnt  what  the  result  would  be. 

Nitric  oxide  is  a colourless  gas  which  is  insoluble 
in  water ; this  is  capable  of  combining  with  one  of  the 
constituents  of  common  air,  and  when  they  are  put 
together  the  result  is  a brownish-red  gas,  which  is  sol- 
uble in  water. 

These  experiments  will  .show  the  difference  between 
a mixture  and  a chemical  compound. 

There  is  another  important  thing  to  be  remembered, 


190 


THE  AIR. 


and  that  is,  that  when  two  substances  are  mixed 
no  heat  is  given  out,  but  when  two  substances  are 
combined  to  form  a chemical  compound  heat  is  pro- 
duced. 

If  I take  cold  water  and  mix  it  with  brandy  it  will 
not  make  hot  grog,  but  if  I take  water  which  is  quite 
cold  and  another  liquid  called  oil  of  vitriol  also  cold, 
which  has  the  property  not  only  of  mixing  with  the 
water  but  of  combining  with  it,  and  pour  them  together, 
they  combine,  and  heat  is  given  out  to  such  an  extent 
that  the  vessel  in  which  they  are  cannot  be  held  in  the 
hand  because  of  the  heat. 

Another  thing  is  that  whereas  you  can  mix  sub- 
stances, such  as  milk  and  water,  in  any  proportions 
whatever,  substances  will  only  combine  in  certain 
definite  proportions,  and  if  when  two  substances  are 
put  together  to  combine,  there  is  too  much  of  one, 
the  surplus  remains  uncombined,  so  that  they  only  com- 
bine in  certain  definite  proportions. 

Air  may  be  made  by  taking  the  substances  which 
we  know  it  to  contain  and  merely  mixing  them  together 
in  the  proportions  in  which  they  are  contained  in  air, 
and  that  mere  mixture  has  all  the  properties  of  air. 
Air  then,  is  a mixture  of  gases.  What  is  a gas  ? 

The  substances  that  are  around  us  are  commonly 
divided  into  three  kinds — solids,  liquids,  and  gases. 

A solid  body  has  a certain  amount  of  rigidity,  re- 
tains its  shape  and  size,  unless  it  be  broken  or  bent.  It 
occupies  a certain  space. 

A liquid  is  a body  which  takes  the  shape  of  the 
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vessel  that  contains  it,  and  it  occupies  a certain  space 
in  the  vessel. 

A gas  is  a body,  any  quantity  of  which,  however 
small,  will  fill  any  space,  however  large,  within  practi- 
cable limits. 

A bottle  full  of  any  gas  would  fill  a room  as  well 
as  it  fills  the  bottle.  A gas  will  fill  a space  although 
that  space  is  already  filled  with  other  gases,  and  that 
is  what  we  mean  when  we  say  that  one  gas  is  to  another 
as  a vacuum.  Whatever  gases  there  are  in  a space, 
when  you  put  another  there  that  fills  the  space  all  the 
same. 

This  may  he  easily  tested  by  taking  a bottle  of  gas 
that  has  an  offensive  smell  or  a gas  that  irritates  the 
lungs  and  letting  it  out  into  a room ; its  presence  will 
be  easily  detected  by  every  person  in  the  room  at  the 
time. 

Hot  merely  is  this  true,  but  gases  fill  a space  alto- 
gether irrespectively  of  their  weights.  Whether  the 
gas  is  heavy  or  light  it  fills  the  space  all  the  same. 

If  you  put  a gas  that  is  heavy  into  a space,  that  gas 
will  not  sink  to  the  bottom,  but  will  fill  the  whole 
space. 

Let  us  pass  on  to  consider  the  gases  of  which  atmo- 
spheric air  is  composed. 

Air  contains  three  gases — two  in  very  considerable 
quantities,  and  one  in  small  quantity. 

In  10,000  parts  by  volume  of  air,  7900  are  nitrogen, 
2096  oxygen,  and  4 carbonic  acid. 

These  quantities  vary  slightly  in  atmospheric  air  in 
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different  places,  and  that  slight  variation  is  sufficient  of 
itself  to  prove  that  air  is  not  a chemical  compound  hut 
a mixture. 

Of  these,  oxygen,  which  is  for  our  purpose  the  most 
important  of  the  three,  is  a body  that  readily  combines 
with  other  substances,  and  so  it  may  be  easily  separated 
from  the  air. 

If  I take  a small  piece  of  phosphorus  and  light  it  in 
a vessel  of  air,  the  phosphorus  will  combine  with  the 
oxygen  of  that  air,  giving  off  a quantity  of  white  fumes 
and  depositing  them  in  white  flakes  called  phosphoric 
acid,  a substance  which  is  very  soluble  in  water.  That 
is  another  illustration  of  the  fact  that  you  cannot  pre- 
dict the  properties  of  a chemical  compound  from  the 
properties  of  the  substances  that  compose  it. 

Oxygen  will  combine  also  with  charcoal  or  carbon, 
and  if  carbon  is  burnt  in  oxygen  it  forms  another  sub- 
stance which  is  found  in  the  air,  and  is  called  carbonic 
acid  gas.  All  the  substances  that  we  use  for  lighting  and 
warming  our  rooms  contain  carbon,  and  in  the  process 
of  burning  in  the  air  form  carbonic  acid  gas.  This  gas 
is  very  heavy,  so  much  so  that  in  making  it  we  can 
collect  it  in  a bottle  by  the  displacement  of  air  from 
below,  and  we  can  pour  it  from  one  vessel  into  another. 
That  is  not  contrary  to  what  I said  just  now,  that  one 
gas  let  free  in  a space  fills  the  whole  space,  because  in 
these  cases  time  is  not  allowed  for  it  to  do  so. 

Carbonic  acid  gas  has  among  other  properties  the 
property  of  combining  with  quick  lime,  which  is  soluble 
in  water,  to  produce  carbonate  of  lime,  which  is  nearly 
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insoluble  in  water  ; chalk  and  white  marble  are  different 
forms  of  it.  If  we  put  marble  or  chalk  into  a lime  kiln 
the  carbonic  acid  gas  goes  off,  and  quicklime  is  left. 

If  I take  a piece  of  marble  and  pour  acid  over  it,  a 
disengagement  of  carbonic  acid  gas  takes  place  which 
may  be  collected  in  a bottle,  and  if  lime  is  introduced 
into  the  bottle  with  it  a white  deposit  of  carbonate  of 
lime  is  produced. 

If  a bottle  of  oxygen  gas  and  a bottle  of  carbonic 
acid  gas  be  taken,  the  one  a light  gas  and  the  other  a 
heavy  gas,  and  the  bottle  containing  the  oxygen  gas  be 
inverted  over  the  bottle  of  carbonic  acid  gas,  which  is 
the  heavier,  in  a few  minutes  we  shall  be  able  to  show, 
by  means  of  lime-water,  that  some  of  the  heavy  gas  has 
gone  up  to  the  top  and  mixed  with  the  lighter  gas, 
thus  proving  what  I said  just  now,  that  gases  in  a space 
will  mix  together  irrespectively  of  their  densities. 

This  is  an  extremely  important  thing  to  remember 
when  considering  ventilation. 

If  you  take  a candle  and  burn  it  in  a bottle  of 
oxygen  it  burns  very  much  more  brilliantly  than  in  air, 
and  is  consumed  faster  ; but  if  you  put  a lighted  candle 
into  a jar  of  carbonic  acid  gas  it  is  instantly  extinguished, 
thus  showing  that  oxygen  gas  and  carbonic  acid  gas  have 
very  different  properties. 

We  see,  then,  that  in  the  air  oxygen  supports  com- 
bustion, and  that  carbon,  when  burnt  in  the  air,  produces 
carbonic  acid. 

What  does  nitrogen  do  in  the  air  ? 

Nitrogen  is  a substance  which  has  purely  negative 
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properties  : it  merely  dilutes  the  oxygen  gas.  It  has 
been  compared  to  water  in  a glass  of  brandy  and  water, 
but  you  must  remember  that  the  other  good  thing  in 
the  air  is  oxygen  ; but  in  brandy  and  water  I am  not 
at  all  sure  that  the  other  good  thing  is  the  brandy. 

Nitrogen  may  be  made  to  combine  indirectly  with 
other  substances,  but  if  I put  a lighted  match  into  it, 
the  match  will  be  extinguished  immediately,  just  as  if 
put  into  carbonic  acid  gas. 

Now,  just  as  a lighted  candle  lives  in  oxygen  gas, 
and  lives  in  air  because  there  is  oxygen  gas  in  the  air, 
which  combines  with  the  carbon  in  the  candle  when  it 
is  lighted,  so  our  life  goes  on  in  precisely  the  same  way, 
and  for  precisely  the  same  reasons.  You  know  from 
my  lecture  on  respiration,  that  when  we  breathe  we 
take  in  air  into  our  lungs,  oxygen  gas  gets  into  the  blood, 
and  carbonic  acid  gas  comes  out  into  the  air. 

So,  then,  the  substance  that  it  is  important  for  us 
to  have  in  sufficient  quantities  is  oxygen  gas,  and  just 
as  the  candle  goes  out  in  nitrogen  gas  and  carbonic  acid 
gas,  so  animals  cannot  live  in  either  of  those  gases,  and 
just  for  the  same  reason.  There  is,  however,  this  differ- 
ence— an  animal  cannot  live  in  nitrogen  gas,  simply  be- 
cause of  the  absence  of  free  oxygen  ; but  carbonic  acid 
gas  kills  an  animal  put  into  it,  because  it  is  a poisonous 
gas,  and,  if  in  sufficient  quantity,  it  will  kill  an  animal 
although  plenty  of  free  oxygen  be  present. 

When  we  breathe  we  take  oxygen  out  of  the  air  and 
put  carbonic  acid  into  its  place,  and,  besides  this,  we 
add  to  the  air  organic  matter  and  moisture.  This  de- 
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composing  organic  matter  that  we  add  to  the  air  is  a 
thing  of  far  greater  importance  than  either  the  decrease 
of  oxygen  or  the  increase  of  carbonic  acid  gas.  In  air 
that  has  been  breathed,  the  most  deleterious  thing  is  the 
foul  organic  matter. 

The  second  thing  that  is  of  importance  is  the 
diminution  of  oxygen,  and  the  last  thing  that  is  of  im- 
portance is  the  increase  of  carbonic  acid  gas. 

One  reason  why  I put  the  presence  of  carbonic  acid 
as  the  last  consideration  is  this,  that  animals  will  live 
for  a long  time  in  air  that  contains  far  more  carbonic 
acid  than  the  air  we  breathe  out,  while  the  foul  organic 
matter,  to  the  same  extent,  would  be  most  prejudicial 
to  them. 

The  carbonic  acid  gas  in  the  air  that  we  breathe 
out  can  easily  be  shown  by  taking  a solution  of  lime 
water,  and  inserting  in  it  a glass  tube,  and  breathing 
through  the  tube  into  the  lime  water,  when  it  will  be 
found,  that,  while  clear  before  blowing  into  it,  after- 
wards it  becomes  gradually  like  milk  ; this  is  caused 
by  the  action  of  the  carbonic  acid  gas  upon  the  lime, 
forming  carbonate  of  lime. 

What  are  the  results  of  breathing  air  that  contains 
these  impurities  ? 

Overcrowding  in  an  extremely  excessive  form  often 
results  in  death  from  a disease  that  kills  very  fast,  a kind 
of  putrid  fever. 

The  most  famous  instance  of  severe  overcrowding  is 
that  of  the  Black  Hole  of  Calcutta,  where  146  persons 
were  placed  in  a space  which  was  18  feet  each  way,  with 
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two  small  windows  on  one  side.  , They  were  placed  in 
that  hole  at  eight  o’clock  in  the  evening,  and  at  six 
o’clock  the  next  morning  123  were  found  dead,  and  only 
twenty-three  survived,  and  these  all  suffered  from  a 
putrid  fever  accompanied  with  eruptions  of  boils. 

Typhus  fever  finds  its  home  in  overcrowded  dwell- 
ings. But  what  is  even  more  important  is  that  those 
who  are  confined  to  small  overcrowded  ill-ventilated 
rooms  suffer  from  consumption , the  great  plague  of  our 
climate,  and  so  prevalent  is  consumption  among  people 
who  live  in  overcrowded  rooms,  without  a sufficient 
amount  of  air  to  breathe,  that  one  author  has  stated  his 
deliberate  conviction  that  the  essential  cause  of  con- 
sumption is  breathing  air  that  has  been  breathed  before. 

How  much  air,  then,  does  an  individual  require  to 
breathe  ? Well,  it  can  be  found  by  direct  calculation 
from  the  carbonic  acid  he  gives  out,  or  from  the  diminu- 
tion of  oxygen  in  the  air  that  he  breathes  ; it  has  also 
been  found,  from  the  state  of  the  air  in  different  places, 
that  the  air  of  a room  is  not  fresh,  but  must  be  described 
as  stuffy  if  the  carbonic  acid  exceeds  6 parts  in  10,000 
of  air  (that  in  the  outer  air  being  four  parts).  You  must 
bear  in  mind  that  it  is  not  by  reason  of  the  small  in- 
crease of  carbonic  acid  that  the  air  is  impure,  but  the 
amount  of  carbonic  acid  is  a convenient  test  of  the  total 
respiratory  impurity. 

It  has  been  found,  from  these  considerations,  that 
each  individual  requires  3000  cubic  feet  of  air  per  hour, 
so  that  if  he  is  in  a space  of  1000  cubic  feet,  that  ah 
must  be  changed  three  times  per  hour. 
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There  are  other  diseases  besides  those  already  men- 
tioned, that  are  favoured  in  various  degrees  by  breathing 
air  that  has  been  breathed  before,  but  as  consumption 
is  of  the  greatest  importance  to  us,  I think  it  sufficient 
to  insist  upon  the  fact,  that  if  you  live  in  an  over- 
crowded place  and  breathe  air  that  has  been  breathed 
before,  you  are  more  liable  to  suffer  from  consumption, 
not  to  say  anything  of  other  diseases,  than  you  would  be 
if  you  lived  in  a purer  atmosphere. 

It  is  not  difficult  to  find  out  if  the  air  contains  too 
much  carbonic  acid. 

I showed  you  that  carbonic  acid  gas  forms  a white 
deposit  in  lime  water. 

Is  ow,  if  you  mix  a certain  volume  of  air  with  a known 
quantity  of  lime  water,  shaking  them  up  together,  it  is 
possible,  by  finding  out  how  much  of  the  lime  is  not 
deposited,  to  tell  how  much  has  combined  with  the 
carbonic  acid,  and  so  how  much  carbonic  acid  there  was 
in  the  air.  That  is  somewhat  a complicated  proceeding, 
but  it  can  be  modified  by  a very  simple  method,  which 
Di.  Angus  Smith  calls  the  “ household  method,”  of 
examining  air  for  carbonic  acid. 

_ Lime  water  can  be  easily  made  by  taking  a little 
quicklime  and  putting  it  into  water  in  a basin.  You 
must  not  put  the  quicklime  into  a bottle  and  then  pour 
water  upon  it,  else  it  will  break  the  bottle,  as  slaking 
lime  gives  out  much  heat.  Let  it  stand,  and  the  water 
will  dissolve  a certain  quantity  of  the  lime,  the  excess 
falling  to  the  bottom  and  leaving  a clear  solution  of 
lime,  which  you  can  pour  off  and  keep  in  a stoppered 
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bottle.  If  you  put  half  an  ounce  of  this  clear  lime  water 
into  a clean  and  dry  10|  ounce  wide-mouthed  stoppered 
bottle  with  the  air  in  it,  and  then  shake  it  up,  if  the 
lime  water  becomes  turbid  then  you  know  the  air  in  that 
room  contains  more  than  six  parts  of  carbonic  acid  gas 
in  10,000,  that  is  to  say,  that  the  room  is  not  supplied 
with  sufficient  air,  because  you  will  remember  I told 
you  that  the  carbonic  acid  in  the  air  of  a room  should 
not  exceed  that  proportion. 


LECTURE  XI. 


the  air — Continued , 

Air  contains  a small  quantity  of  a substance  we  call 
! ammonia;  a very  small  quantity  only,  amounting  to 
about  4 parts  in  10,000,000  parts  of  air. 

It  contains  also,  under  ordinary  circumstances,  a very 
small  quantity  of  a substance  not  yet  mentioned — viz., 
ozone. 

The  presence  of  ozone  in  the  air  has  been  doubted 
by  a good  many  people  ; but  all  doubts  have  now  been 
set  at  rest  by  a very  admirable  series  of  experiments.  It 
is  another  form  of  oxygen  gas,  much  more  powerful 
than  ordinary  oxygen.  It  has  the  power  of  combining 
with  most  substances  under  certain  conditions,  and  of 
combining  very  readily  with  the  substances  of  which 
foul  organic  matters  are  composed,  and  so  purifying  the 
air. 

One  of  the  ways  of  preparing  ozone  is  to  take  a 
few  sticks  of  phosphorus,  a substance  which  readily 
combines  with  oxygen,  and  to  leave  them  for  a time 
exposed  in  moist  air.  If  you  take  a bottle,  and  put 
some  water  into  it,  and  in  the  water  some  sticks  of 
jjhosphorus  projecting  out  of  the  water  in  the  bottle, 
and  let  it  stand,  part  of  the  oxygen  in  the  air  in  the 
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bottle  will  be  turned  into  ozone.  This  may  be  tested 
thus  : — 

Ozone  is  capable  of  liberating  a substance  called 
iodine,  from  some  of  its  compounds,  and  iodine  will 
strike  a beautiful  blue  colour  with  starch  ; therefore,  if 
you  put  a strip  of  paper  that  has  been  dipped  in  a mix- 
ture of  a solution  of  iodide  of  potassium  and  starch- 
paste,  into  the  air  that  has  been  exposed  to  the  influence 
of  phosphorus,  if  there  is  any  ozone  in  the  air  the  paper 
will  be  turned  blue. 

Ozone  is  present  in  very  small  quantities  in  pure 
air,  in  the  air  that  blows  from  the  sea,  after  a thunder- 
storm, and  during  a fall  of  snow.  Its  occurrence  in  the 
air  is  accounted  for  in  another  way.  Whereas  animals 
take  oxygen  out  of  the  air,  and  put  carbonic  acid  gas 
into  it,  the  green  parts  of  plants,  under  the  influence  of 
sunlight,  do  the  reverse,  they  take  the  carbonic  acid  gas 
out  of  the  air,  and  give  back  oxygen  gas  in  exchange 
during  the  daytime. 

The  flowers  of  plants,  on  the  contrary,  and  fruits 
while  ripening,  are  all  like  animals  in  this  respect ; and 
so  it  is  not  right  to  have  flowering  plants  in  bedrooms. 

It  has  been  shown  that  the  green  parts  of  plants 
give  out  a certain  quantity  of  oxygen  in  the  form  of 
ozone.  There  is  always  a considerable  quantity  of  ozone 
present  where  there  is  much  growing  vegetation,  and 
this  is  especially  the  case  where  there  is  vegetation  of 
certain  kinds. 

I daresay  you  have  heard  the  statement  that  ozone 
is  connected  with  the  presence  or  absence  of  epidemic 
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diseases,  and  that  it  is  never  present  when  cholera  is 
prevalent.  A sufficiently  large  number  of  experiments 
have  shown,  however,  that  it  is  as  often  present  as  absent 
during  the  prevalence  of  epidemics. 

If  you  examine  the  air  in  a crowded  hospital  ward 
you  will  not  find  ozone  there,  because  any  that  gets  in 
with  the  fresh  air  from  without  is  immediately  used  up 
in  oxidising  the  foul  organic  matters  present  in  the  air. 
You  cannot  prepare  ozone  by  the  ordinary  methods  in 
foul  air,  because  as  fast  as  it  is  produced  it  is  used  up 
by  the  impurities  ; it  is,  in  fact,  nature’s  disinfectant. 

Ozone  is  an  exceedingly  irritating  substance.  We 
could  not  breathe  air  containing  much  of  it  because  it 
irritates  the  respiratory  organs,  and  this  is  why  it  has 
been  said  to  favour  the  prevalence  of  influenza  and 
bronchitis. 

There  is  also  always  a certain  amount  of  water  dis- 
solved in  the  air,  the  amount  of  which  varies  at  different 
temperatures.  There  may,  too,  be  a large  amount  of 
water  suspended  in  the  air  in  the  form  of  mist  or  fog. 

Besides  these  matters,  which  are  ordinarily  present 
in  the  air,  there  is  also  a variable  amount  of  solid 
matters  suspended  in  the  air.  Dust,  consisting  of  sea 
salt,  which  is  blown  up  and  carried  immense  distances  ; 
containing  also  a large  quantity  of  particles  derived 
from  the  earth,  and  fine  sand.  Ships  sailing  600  or 
800  miles  from  land  sometimes  have  their  sails  covered 
with  fine  sand  blown  from  the  great  African  desert,  and 
eruptions  of  volcanoes  often  charge  the  air  with  solid 
particles,  which  travel  astonishing  distances. 
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We  see  from  this  that  there  is  a considerable  amount 
of  suspended  mineral  matter  in  the  air  ; there  is  also  a 
variable  amount  of  organic  matter,  both  living  and  dead. 

Dead  organic  matter,  from  the  exhalations  of  animals, 
and  from  the  decomposition  of  animal  and  vegetable  sub- 
stances. There  is  a very  small  amount,  indeed,  of  these 
things  in  pure  air,  because  the  oxygen  and  the  small 
quantity  of  ozone  in  the  air  decompose  them,  and  turn 
them  into  other  substances  which  are  harmless. 

There  are  living  substances  in  the  air,  both  living 
animals  and  vegetables,  many  exceedingly  small,  and 
only  to  he  seen  by  the  aid  of  the  microscope. 

These  suspended  matters  may  contain,  and,  no  doubt, 
sometimes  do  contain,  the  poisons  of  infectious  diseases, 
which  are  solid  particles  suspended  in  the  air  around 
persons  infected,  and  from  them,  doubtless,  these  par- 
ticles get  into  the  air. 

We  will  now  consider  other  sources  from  whence 
carbonic  acid  gets  into  the  air. 

There  are  natural  sources,  besides  the  respiration  of 
animals,  of  carbonic  acid — viz.,  volcanoes,  and  mineral 
springs  in  volcanic  countries,  whioli  very  often  emit 
large  quantities  of  this  gas. 

It  is  also  given  out  in  various  manufacturing  pro- 
cesses, in  the  making  of  beer  both  during  the  fermenta- 
tion of  the  grains  to  make  malt,  and  during  the  subsequent 
fermentation,  when  the  sugar  and  water  is  transformed 
into  alcohol  and  carbonic  acid ; and  instances  are  on 
record  where  persons  have  been  suffocated  by  going 
down  into  the  brewers’  vats. 
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Carbonic  acid  gas  is  in  itself  poisonous.  It  is  not 
like  nitrogen,  a mere  harmless  substance,  which  poisons 
you  when  you  go  into  it  because  there  is  no  free  oxy- 
gen, but  an  animal  will  die  in  an  atmosphere  containing 
plenty  of  free  oxygen,  if  it  contains  over  10  or  12  per 
cent  of  carbonic  acid  gas. 

The  reason  that  the  air  we  breathe  out  is  not  fit  to 
breathe  in  again,  is  not  that  it  contains  carbonic  acid, 
but  because  of  the  presence  of  foul  organio  matter,  and 
because  it  contains  too  little  oxygen. 

Suppose  an  animal  were  put  into  carbonic  acid  gas, 
he  is  put  into  a gas  of  which  he  has  already  too  much 
in  his  blood,  and  he  will  die  if  he  takes  much  more. 
Now,  if  the  action  of  respiration  went  on  for  the  benefit 
of  the  animal  under  all  circumstances,  and  were  not 
a purely  physico-chemical  action,  he  would  not  take 
any  more  carbonic  acid  into  his  blood  ; but  if  an 
animal  is  put  into  a bottle  full  of  carbonic  acid  gas, 
and  the  mixture  that  remains  afterwards  be  examined, 
it  is  found  that  he  has  taken  carbonic  acid  gas  out  of 
the  bottle,  and  put  oxygen  into  it  out  of  his  lungs,  so 
that  respiration  has  gone  on  to  his  detriment ; and  no- 
thing can  show  much  clearer  than  this  that  respiration 
is  a purely  physico-chemical  action,  and  will  not  neces- 
sarily go  on  for  the  benefit  of  an  animal,  but  will,  under 
unfavourable  circumstances,  go  on  to  his  detriment,  and 
to  his  death  if  necessary. 

A good  deal  of  carbonic  acid  is  given  out  from  lime- 
kilns,— places  where  limestone  or  chalk  is  burnt  to  form 
lime.  Limestone  or  chalk  consists  of  lime  combined 
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with  carbonic  acid,  and  when  the  lime  is  heated  car- 
bonic acid  is  given  off  in  very  considerable  quantities ; 
and  cases  have  occurred  of  persons  going  to  sleep  on 
the  ground  in  the  immediate  vicinity  of  a lime-kiln, 
because  it  is  warm,  and  then  being  suffocated  in  the 
night  by  the  carbonic  acid  gas. 

The  great  artificial  source  of  carbonic  acid  in  the  air 
is  due  to  the  substances  that  we  use  for  warming  and 
lighting.  These  substances  contain  carbon  and  hydro- 
gen, and  some  other  things  in  smaller  quantities,  and 
when  completely  burnt  in  the  air  they  produce  car- 
bonic acid,  water,  and  small  quantities  of  other  sub- 
stances. If  incompletely  burned,  some  of  the  carbon 
escapes  into  the  air  in  the  form  of  soot.  We  all  know 
that  where  gas  is  burned  for  some  time  in  a room  a 
considerable  quantity  of  soot  is  deposited  upon  the  ceil- 
ing and  other  parts  of  the  room.  Another  result  is  the 
production,  under  certain  circumstances,  of  a small 
quantity  of  gas  which  is  called  carbonic  oxide,  which 
consists  of  one  atom  of  carbon  combined  with  one  of 
oxygen,  and  affords  a remarkable  illustration  of  the  fact 
that  when  two  things  combine  together  you  cannot  pre- 
dict the  substance  that  will  result. 

Carbonic  acid  gas  also  consists  of  carbon  and  oxygen, 
and  is  a colourless  gas,  soluble  in  water,  and  making  a 
precipitate  in  lime  water. 

Carbonic  oxide  gas  is  different  from  carbonic  acid 
gas.  When  a match  is  placed  in  the  latter  it  goes  out, 
but  when  applied  to  a jet  of  carbonic  oxide,  that  gas 
combines  with  the  oxygen  of  the  air  and  burns  with  a 
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beautiful  blue  flame,  and  the  result  of  the  burning  is 
carbonic  acid  gas.  Carbonic  oxide  gas  is  not  soluble  in 
water,  nor  does  it  produce  a precipitate  in  lime  water. 

Carbonic  oxide  is  so  poisonous  a gas  that  one  part  in 
a thousand  parts  of  air  is  enough  to  kill  an  animal.  It 
has  a stronger  affinity  for  the  corpuscles  of  the  blood 
than  oxygen  gas,  so  that  you  will  see  the  extreme  im- 
portance of  all  contrivances  by  means  of  which  the  set- 
ting free  of  the  smallest  quantity  of  this  gas  can  be 
avoided.  Here,  also,  is  another  instance  of  the  fact  I 
have  already  stated — viz.,  that  respiration  is  only  favour- 
able to  the  life  of  an  animal  under  favourable  circum- 
stances ; for  if  an  animal  be  placed  in  an  atmosphere 
containing  carbonic  oxide  he  is  killed  by  breathing  air 
containing  a gas  which  has  a greater  affinity  for  his 
blood  than  oxygen  has. 

We  have  to  consider  the  materials  used  for  lighting 
and  warming,  the  apparatus  employed,  and  the  condi- 
tions necessary  to  be  fulfilled  in  order  that  the  sub- 
stances may  be  completely  burned,  in  the  first  place, 
and,  in  the  second  place,  that  the  greatest  amount  of 
light  or  warmth  may  be  got  from  their  use,  with  as  little 
detiiment  as  possible ; and  we  see  that  most  detriment 
is  caused  when  the  substances  are  incompletely  burned. 

How,  the  first  among  these  substances  that  we  will 
mention  is  a candle,  and  those  candles  which  are  the 
the  most  completely  burned  are  always  the  hard  candles. 
Soft  tallow  candles  are  never  completely  burned,  and 
always  throw  a considerable  quantity  of  soot  into  the 
air,  and  a considerable  quantity  of  partially  burned  fats, 
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which  have  a disagreeable  smell.  The  reason  these  soft 
tallow  candles  are  not  completely  burned  is  because 
they  melt  at  so  low  a temperature  that  the  substance 
rises  up  into  the  wick  faster  than  it  can  be  burned. 
The  substances  of  which  the  harder  kinds  of  candles 
are  made  do  not  melt  as  quickly,  and  consequently  do 
not  rise  up  the  wick  so  fast,  therefore  they  burn  slower 
and  more  completely.  The  result  is  that  the  injury  to 
the  air  we  breathe  is  much  less.  Of  course  these  are 
only  some  of  the  evils,  not  all,  as  carbonic  acid  and 
water  are  given  out  into  the  air  of  a room,  and  you  can- 
not have  substances  burned  for  lighting  a room  without 
this,  except  you  have  a special  apparatus  for  carrying 
off  the  products  of  combustion. 

With  regard  to  oils  used  for  lighting,  the  chief  thing 
that  has  to  be  considered  is  the  contrivance  in  which 
they  are  burned,  so  as  to  produce  the  greatest  amount 
of  light  with  the  most  perfect  combustion  ; and  the  kind 
of  lamps  in  which  this  is  done  are  those  in  which  the 
wicks  are  round,  like  the  Argand  burners,  or  in  which 
wicks  are  placed  parallel  to  one  another,  and  in  which 
there  is  a chamber  of  air  communicating  with  the  flame 
so  as  to  ensure  complete  combustion. 

The  oils  I have  been  speaking  about  are  especially 
vegetable  oils,  but  a large  amount  of  mineral  oil  is  now 
used  for  the  purposes  of  lighting.  The  most  important 
of  these  mineral  oils  is  paraffin  oil,  made  from  petro- 
leum, found  in  oil-wells  in  the  United  States.  It  con- 
sists of  various  liquid  oils,  some  of  which  are  extremely 
volatile,  having  a white  solid  called  paraffin,  and  a gas 
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which  is  one  of  the  constituents  of  coal-gas,  dissolved  in 
them.  It  is,  then,  a mixture  of  different  substances,  of 
different  densities,  and  different  evaporating  points. 
The  danger  of  using  these  substances  is  considerable, 
because  when  heated  beyond  a certain  degree  some  of 
the  more  volatile  substances  contained  in  them  rise  up 
into  the  air,  and  form  with  it  an  explosive  mixture,  and 
a good  many  accidents  have  taken  place,  both  in  petro- 
leum works  and  also  where  petroleum  is  used  in  lamps. 
And  so  it  is  important,  when  these  lamps  are  used,  to 
burn  only  the  best  kind  of  oil,  or  at  any  rate  mineral 
oils  that  have  been  distilled,  so  that  some  of  the  more 
volatile  substances  have  been  driven  off. 

Another  thing  that  should  be  carefully  remembered 
is  that  some  of  these  mineral  oils  have  a penetrating 
power,  and  will  pass  through  a china  lamp  and  appear 
on  the  outside,  and  evaporate  into  the  air,  causing  a 
disagreeable  smell  in  the  room. 

Many  of  you  burn  paraffin  in  lamps,  and  perhaps  you 
have  noticed  that  invariably  when  you  have  taken  hold 
of  them  you  have  found  oil  on  your  fingers,  and  then 
thought  that  the  lamp  had  not  been  properly  cleaned. 
Tin's  is  not  so  \ the  oil  has  come  through  the  pores  of 
the  substance  of  which  the  lamp  is  made. 

M e will  now  consider  Coal  Gas.  Gas  may  be  pre- 
pared by  the  dry  distillation  of  various  substances,  but 
is  now  exclusively  made  from  coal.  The  coal  is  placed 
in  large  vessels  called  retorts,  and  heated  ; various  sub- 
stances are  given  off,  and  something  remains  ; this  is 
the  valuable  substance  we  call  coke,  used  chiefly  in 
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engines,  when  it  is  necessary  not  to  have  smoke,  as 
coke  burns  without  smoke. 

The  substances  given  off  consist,  in  the  first  place,  of 
a large  quantity  of  tar,  which  is  used  for  an  immense 
variety  of  purposes  in  commerce,  very  largely  for  the 
preparation  of  carbolic  acid,  the  well-known  disinfec- 
tant ; the  aniline  colours,  mauve,  magenta,  etc.,  are  also 
prepared  from  coal  tar.  Further,  a considerable  quan- 
tity of  ammonia  goes  off.  This  is  collected  by  washing 
the  gas  with  water,  which  absorbs  the  ammonia,  and 
this  ammoniacal  liquor  is  used  for  the  preparation  of 
manures,  and  is  now  the  great  source  from  which  am- 
moniacal manures  are  obtained.  Besides  these,  a mix- 
ture of  gases  is  given  off  which  requires  to  be  still  fur- 
ther purified  before  it  can  be  used  for  burning.  It  has 
sulphuretted  hydrogen  in  it,  which  has  a smell  like  that 
of  rotten  eggs,  and  has  to  be  separated  from  the  gas, 
and  this  is  done  either  by  passing  it  over  lime,  or  over 
oxide  of  iron,  other  compounds  of  sulphur  being  partly 
separated  at  the  same  time.  The  gas  is  more  efficiently 
purified  by  the  lime  process,  but  the  mixture  of  waste 
lime  and  sulphur  compounds  is  liable  to  cause  a serious 
nuisance  to  the  neighbourhood. 

The  remaining  mixture  is  the  gas  we  burn,  and  it 
consists  chiefly  of  a gas  called  light  carburetted  hydro- 
gen, or  marsh  gas,  which  forms  carbonic  acid  and  water 
when  burnt  in  air.  It  contains,  also,  pure  hydrogen 
gas,  which  has  the  property  of  burning  in  air,  and  pro- 
ducing water ; and  heavy  carburetted  hydrogen  gas,  which . 
burns  in  air  to  form  carbonic  acid  and  water,  giving  an 
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intense  liffiit.  This  last  is  the  substance  to  which  the 

O 

lighting  properties  of  coal  gas  are  mainly  due.  Coal  gas 
always  contains  carbonic  oxide,  sometimes  as  much  as 
11  or  12  per  cent.  It  always  contains  compounds  of 
sulphur,  which,  when  burned  in  the  air,  produce  sul- 
phurous acid  with  a little  sulphuric  acid. 

The  gas  we  use  for  burning  is  exceedingly  poison- 
ous. It  contains  a sufficient  percentage  of  carbonic 
oxide  gas  to  kill  any  animal,  and  it  is  therefore  ex- 
tremely important  that  the  gas  should  not  he  allowed  to 
get  into  rooms,  even  in  the  smallest  quantity.  It  con- 
tains one  of  the  most  poisonous  substances  with  which 
we  are  acquainted.  It  is  very  fortunate  that  the  gas 
has  a very  strong  and  unpleasant  smell,  as  otherwise  a 
great  many  people  would  be  poisoned  by  it.  A very 
foolish  thing  was  once  done.  A man  took  out  a patent 
for  depriving  the  gas  we  burn  of  its  smell,  but  the  gas 
companies  fortunately  did  not  adopt  it. 

When  coal  gas  escapes  into  the  air,  it  forms  a mixture 
which  explodes  very  readily  when  a spark  is  applied. 

What  are  the  dangers  from  breathing  air  into  which 
the  products  of  the  combustion  of  the  substances  we  use 
for  lighting  have  been  allowed  to  escape  ? 

It  produces  in  persons  who  breathe  it  for  a length- 
ened period  what  is  called  anmmia,  or  bloodlessness  ; and 
especially  when  the  combustion  is  incomplete,  and  soot 
escapes  into  the  air,  it  produces  cough,  lung  complaints, 
and  is  particularly  fatal  to  persons  who  are  liable  to 
consumption.  It  is,  therefore,  extremely  important  that 
the  products  of  combustion  should  not  be  allowed  to 
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escape  into  the  air  of  rooms.  They  should  he  conducted 
away,  or,  at  any  rate,  plenty  of  fresh  air  should  be 
admitted. 

I may  give  you  an  idea  of  the  amount  of  damage 
done  to  the  air  of  rooms  by  candles,  even  where  perfect 
combustion  takes  place,  by  telling  you  that  two  sperm 
candles  produce  as  much  carbonic  acid,  and  consume 
as  much  oxygen,  as  one  man.  A man  in  a room  with 
two  sperm  candles  burning  requires  twice  the  amount 
of  fresh  air  that  he  would  if  he  were  by  himself.  The 
same  is  the  case  with  a good  lamp.  A cubic  foot  of  gas 
destroys  the  oxygen  of  about  eight  cubic  feet  of  air.  A 
poor  burner  will  consume  at  least  two  cubic  feet  in  an 
hour,  and  so  destroy  the  oxygen  of  sixteen  cubic  feet  of 
air,  that  is  to  say,  will  destroy  as  much  air  as  four  men  ; 
so  that  a man  sitting  in  a room  with  a gas  burner  that 
only  burns  two  cubic  feet  in  an  hour,  requires  at  least 
five  times  as  much  change  of  air  as  he  would  if  he  were 
there  by  himself. 

We  now  come  to  the  substances  used  for  warming 
purposes,  and  the  apparatus.  I will  content  my  self  I 
with  speaking  about  coal,  and  the  apparatus  in  which  it 
is  burned.  When  burned  in  the  ordinary  fireplace  it  is 
burned  at  an  immense  disadvantage.  About  ninety  per 
cent  of  the  heat  escapes  up  the  chimney,  but  it  has 
one  advantage,  and  that  is,  that  it  changes  the  air  of  a 
room  very  quickly,  as  air  must  be  supplied  to  the 
fire,  or  else  the  fire  will  go  out.  The  only  way  by 
which  air  can  enter  to  supply  the  fire,  when  a room 
is  closely  shut,  is  the  chimney,  and  so  air  comes  down 
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the  chimney,  and  that  is  one  cause  of  smoky  chim- 
neys. 

Now,  a word  or  two  about  stoves.  Stoves  are  made 
of  various  materials,  as  earthenware,  wrought  iron,  or 
cast  iron.  Quick  combustion  stoves  very  much  resemble 
ordinary  fireplaces.  In  slow  combustion  stoves  coke  is 
generally  burnt,  and  a limited  supply  of  air  is  admitted 
to  them  by  a pipe  from  outside,  so  that  there  is  no  fire 
to  be  seen  in  the  room. 

They  are  used  for  warming  large  rooms  which  require 
a great  deal  more  heat  than  is  given  by  an  ordinary  fire- 
place. The  disadvantage  is  that,  when  an  iron  stove  gets 
hot,  it  dries  the  air  of  the  room,  and  this  dryness  is  only 
partially  obviated  by  placing  a vessel  of  water  on  the 
top  of  the  stove.  Another  thing  is  that  the  air  in  which 
a stove  is  burning  always  contains  carbonic  oxide  gas. 
That  has  been  proved  by  a series  of  careful  experiments. 
Another  disadvantage  is,  that  they  always  make  the  air 
of  a room  smell.  You  all  know  what  is  called  the  smell 
of  cast  iron.  It  is  due  to  the  partial  charring  of  the 
organic  matter  in  the  air  of  the  room,  and  the  smell  is 
worse  if  the  air  in  the  room  is  rather  foul.  So  that 
stoves,  even  though  they  have  a pipe  to  convey  the 
results  of  combustion  from  a room,  have  great  disadvan- 
tages, especially  in  small  rooms. 

The  ordinary  fireplace  has  been  immensely  improved 
in  construction,  and  that  known  as  the  Galton  stove, 
invented  by  Captain  Galton,  is  a great  improvement, 
though  it  has  not  been  brought  into  sufficient  use. 
There  is  an  air  chamber  around  the  flue  of  this  stove. 
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which  communicates  by  a pipe  with  the  external  air,  so 
that  as  the  fire  burns  in  the  stove,  external  air  comes  into 
the  chamber  round  the  flue,  is  warmed,  and  gets  into 
the  room,  partly  to  supply  the  fire,  and  partly  to  sup- 
ply the  room.  By  this  contrivance  as  much  as  35 
per  cent  of  the  heat  is  saved,  and  fresh  air  is  brought 
into  the  room,  and  that  is  of  very  considerable  import- 
ance. 

The  ordinary  stoves  do  not  change  the  air  of  a room 
sufficiently,  but  there  are  certain  kinds  of  stoves  in 
which  either  coal  or  gas  may  be  burned  in  which  there 
is  a contrivance  for  bringing  fresh  air  already  warmed 
into  the  room  by  a pipe  running  through  the  stove. 
These  are  called  calorigen  stoves. 


LECTURE  XII. 


the  air — Continued. 

There  are  a large  number  of  trades  in  which  solid  par- 
ticles and  offensive  gases  are  given  out  into  the  air. 

Eor  instance,  in  the  air  of  mines  there  is  a large 
quantity  of  finely  divided  solid  particles  which  get  into 
the  lungs  of  the  miners  and  set  up  irritation  there,  often 
resulting  in  consumption ; and  consequently  among  men 
who  work  in  mines  there  is  a large  death-rate  from  that 
disease,  because  consumption,  in  manhood  especially, 
attacks  the  lungs. 

It  has  been  ascertained  that  the  death-rate  from 
consumption  among  miners  who  work  in  mines  in  which 
the  air  is  changed  rapidly,  is  very  much  less  than  among 
miners  who  work  in  mines  that  are  badly  ventilated. 

In  potteries,  china  works,  pearl  button  manufac- 
tories, glass  polishing,  and  cement  works,  there  is  a large 
amount  of  foreign  mineral  matter  in  the  air,  and  the 
workpeople  in  them  suffer  from  a high  death-rate ; this 
high  rate  of  mortality  might  be  lessened  if  the  solid 
particles  were  prevented  from  getting  into  the  lungs  of 
the  workmen,  and  if  these  workmen  could  be  persuaded 
to  wear  some  kind  of  mask  or  respirator,  by  means  of 
which  they  could  breathe  and,  while  breathing,  filter  the 
air  and  separate  the  solid  particles  from  it,  the  death- 
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rate  from  lung  diseases  and  consumption  would  be  con- 
siderably diminished.  But  there  is  much  difficulty  in 
inducing  workmen  to  adopt  any  such  measures ; they 
cannot  see  that  they  are  for  their  benefit. 

Then,  again,  workers  in  iron,  and  especially  in  steel, 
are  exposed  to  the  influence  of  fine  particles  getting  into 
the  air.  These  might  easily  he  separated  by  wearing  a 
kind  of  magnetic  mask  which  has  been  devised,  through 
which  they  could  breathe,  but  which  would  collect  the 
minute  particles  and  prevent  them  getting  into  the 
lungs. 

The  workers  in  zinc  and  copper,  especially  in  places 
where  these  metals  are  smelted,  are  subject  to  special 
forms  of  poisoning  ; but  much  of  the  lead  poisoning  or 
painters’  colic,  which  is  a disease  causing  severe  pains 
in  the  intestines  and  paralysis,  could  be  prevented  by 
greater  cleanliness.  These  diseases  are,  in  many  cases, 
not  caused  by  breathing  air  impregnated  with  the 
solid  particles  given  off  in  the  process  of  working,  but 
are  the  result  of  the  want  of  cleanliness  of  the  work- 
men’s hands,  particles  of  white  lead,  etc.,  thus  getting 
mixed  with  their  food,  so  that  greater  cleanliness,  in 
some  cases,  would  do  almost  all  that  is  required. 
Workers  in  mercury,  makers  of  mirrors  and  looking- 
glasses,  also  suffer  from  a similar  kind  of  paralysis. 

There  is  a beautiful  paint  containing  arsenic  and 
copper,  which  is  very  commonly  used  in  colouring  wall 
papers  green.  It  is  called  Scheele  s green.  In  damp 
weather  persons  who  live  in  rooms  decorated  with  such 
papers  are  subject  to  various  symptoms  of  arsenical 
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i poisoning,  the  most  obvious  of  which  is  a severe  irri- 
i tation  of  the  lining  membrane  of  the  nose  and  eyes, 
i Moreover,  green  is  not  the  only  colour  in  use  that  is 
i produced  by  arsenical  compounds. 

Besides  the  masks  and  respirators  which  I have 
mentioned,  a great  deal  may  be  accomplished  in  almost 
all  cases  by  frequent  change  of  air  and  good  ventilation. 

There  are  also  a great  many  manufacturing  processes 
in  the  working  of  which  organic  matters  escape  into  the 
air  in  the  form  of  dust.  For  instance,  in  the  spinning 
of  cotton,  of  wool,  and  of  silk,  there  is  an  enormous 
amount  of  the  fine  fibres  of  these  materials  given  off  in 
: the  form  of  dust,  and  those  who  work  in  spinning-mills 
are  subject  to  lung  diseases. 

It  is  difficult  to  procure  good  and  efficient  venti- 
i lation  in  these  rooms,  because  a considerable  amount  of 
i warmth  is  necessary,  and  so,  as  a matter  of  fact,  these 
places  are  kept  as  close  as  possible. 

Offensive  organic  matters  are  given  off  into  the  at- 
mosphere in  many  instances,  as  in  gut  spinning,  bone 
boiling,  tallow  melting,  etc.  It  is  difficult  to  show 
: directly  that  these  matters  are  injurious  to  health,  but, 
at  any  rate,  they  are  extremely  offensive,  and  those 
places  in  which  such  processes  are  conducted  could  be 
made  much  less  disagreeable  by  carrying  the  fumes  given 
out  during  the  boiling  through  the  furnace,  by  means  of 
a flue  rising  from  the  boiler  and  connected  with  the 
furnace  ; a practice  now  very  commonly  adopted. 

Matchmaking,  until  a comparatively  recent  date, 

: was  attended  by  a frightful  disease  which  attacked  the 
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jaw-bones.  This  was  caused  by  the  particular  form  of 
phosphorus  which  was  then  used,  the  form  I have  shown 
you  several  times — vitreous  phosphorus.  It  is  very 
volatile,  highly  poisonous,  rapidly  oxidises  in  air,  readily 
catches  fire,  and  gives  off  irritating  vapours  ; but  hap- 
pily a form  of  phosphorus  was  almost  accidentally  dis- 
covered which  is  comparatively  harmless.  I told  you 
that  there  are  two  forms  of  oxygen  ; in  the  same  manner 
certain  other  bodies  are  found  in  various  forms.  For  in- 
stance, we  find  carbon  as  soot,  or  as  plumbago  (black 
lead),  graphite,  or  as  the  diamond,  and  it  was  discovered 
that  there  was  also  another  form  of  phosphorus  which 
goes  by  the  name  of  red  phosphorus.  It  is  not  as  vola- 
tile or  poisonous  as  the  other ; it  does  not  combine  any- 
thing like  as  readily  with  oxygen  in  the  air.  The 
introduction  of  this  in  the  manufacture  of  matches 
abolished,  practically  speaking,  the  disease  to  which 
the  makers  of  matches  were  formerly  subject. 

In  the  manufacture  of  india-rubber  articles  a curi- 
ous substance  is  used  which  is  called  bisulphide  of 
carbon,  a combination  of  carbon  and  sulphur.  It  is  a 
beautiful  clear  yellow  liquid  of  an  extremely  offensive 
odour,  very  volatile,  and  has  the  property  of  dissolving 
india-rubber. 

For  a long  time  india-rubber  was  comparatively  little 
used,  because  it  was  not  known  how  to  dissolve  it ; but 
when  it  was  discovered  that  bisulphide  of  carbon  was 
capable  of  dissolving  it,  and  then  could  be  evaporated, 
it  was  found  that  articles  could  be  made  of  any  shape 
or  form. 
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People  who  work  with  this  substance  suffer  from 
the  vapour  it  emits,  which  is  very  heavy,  and  so  keeps 
low  down  in  the  room.  A great  number  of  india-rubber 
articles  are  made  by  poor  people  in  their  own  homes, 
not  in  manufactories,  and  when  the  vapour  given  off  in 
the  process  of  working  this  material  is  breathed  it 
causes  various  symptoms,  as  headache,  nausea,  and  con- 
vulsions, and  in  the  end  paralysis.  The  way  to  prevent 
this  is  to  see  that  the  rooms  are  well  ventilated,  and 
especially  that  the  air  of  the  lower  part  of  the  apartment 
is  frequently  changed.  Fortunately  the  vapour  is  a 
very  irritating  substance,  and  so  its  presence  is  easily 
detected. 

In  the  manufactories  of  chloride  of  lime  (bleaching 
powder),  and  in  places  where  it  is  used  for  bleaching 
wool  and  other  materials,  chlorine  gas  is  given  off 
into  the  air,  and  irritates  the  respiratory  passages  when 
breathed,  from  which  we  can  see  that  these  places  should 
be  very  thoroughly  supplied  with  fresh  air. 

A compound  of  chlorine  called  hydrochloric  acid  is 
given  out  in  large  quantities  during  the  preparation  of 
carbonate  of  soda.  Soda  is  prepared  in  enormous  quan- 
tities from  sea  salt,  and  the  vapour  evolved  during  its 
manufacture  is  an  extremely  irritating  gas,  which  used 
to  be  allowed  to  escape  into  the  air  from  tall  chimneys, 
but  is  now,  however,  absorbed  by  passing  the  fumes 
through  condensing  towers  in  which  there  is  coke 
washed  with  a stream  of  water. 

During  the  preparation  of  sulphuric  acid,  sulphurous 
acid  gas  is  set  free,  but  the  manufacturer  finds  it  is  a 
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great  disadvantage  to  him  to  allow  this  to  escape,  and 
so  he  takes  care  that  as  little  as  possible  shall  escape. 

Now,  wherever  there  is  foul  organic  matter  decom- 
posing, a gas  is  emitted  in  greater  or  less  quantities,  called 
sulphuretted  hydrogen,  which  has  an  exceedingly  offen- 
sive smell  like  that  of  rotten  eggs.  This  gas  is  given 
off  in  sewers  and  cesspools  that  are  badly  ventilated. 
When  in  sufficient  quantity  it  causes  suffocation,  which 
is  so  sudden  that  it  goes  in  France  by  the  name  of  le 
plomb,  because  the  suffocated  person  falls  down  like  a 
lump  of  lead.  We  can  gather  from  this  very  clearly 
the  great  necessity  of  well  ventilating  places  where  this 
gas  is  at  all  likely  to  collect.  In  addition  to  this  the 
fumes  of  ammonia  are  evolved.  This  is  also  an  exceed- 
ingly irritating  substance,  and  mostly  affects  the  mucous 
membrane  lining  the  eye-sockets,  so  that  persons  who 
work  in  an  atmosphere  impregnated  with  it  suffer  from 
inflammation  of  that  mucous  membrane.  All  this 
shows  the  great  importance  of  not  allowing  accumula- 
tions of  foul  organic  matters  to  he  formed. 

Let  us  pass  on  to  consider  the  methods  by  which  the 
air  in  our  rooms  can  be  frequently  changed. 

I have  told  you  in  a previous  lecture  that  it  is 
necessary  that  an  individual  should  have  3000  cubic 
feet  of  air  per  hour  to  breathe.  It  has  been  shown  by 
theoretical  calculation  from  the  changes  produced  by 
respiration  in  the  air,  that  2000  cubic  feet  per  hour  per 
head  are  required,  but  it  is  found  on  analysing  the  air 
in  rooms  in  which  there  are  large  numbers  of  people, 
that  this  quantity  is  not  sufficient  to  prevent  the  air 
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from  being  stuffy,  and  3000  are  necessary.  Sick  rooms 
and  hospital  wards  require  more  than  ordinary  places, 
and  this  quantity  makes  no  allowance  whatever  for  the 
impurity  that  gets  into  the  air  from  lights.  How,  then, 
is  this  quantity  of  air  to  be  obtained  ? It  is  perfectly 
clear  that  we  cannot  have  apartments  large  enough  to 
hold  the  required  quantity,  for  suppose  we  remain  seven 
hours  in  a bedroom  with  no  supply  of  air  from  the  out- 
side, we  should  require  a bedroom  large  enough  to  con- 
tain 21,000  cubic  feet  of  air  for  each  person  in  it.  It 
is  clear,  then,  that  the  air  of  the  room  must  be  replaced 
a considerable  number  of  times.  How  is  this  to  be 
accomplished?  Among  the  possible  sources  of  the 
movement  of  air  we  have  the  property  of  the  diffusion 
of  gases.  If  there  is  a space  containing  gases  of  one 
kind  in  communication  with  a space  containing  gases 
of  another  kind,  by  the  law  of  the  diffusion  of  gases 
they  will  mix  throughout ; but  foul  organic  matters 
do  not  obey  this  law. 

Then  we  have  the  action  of  the  winds,  and  they  are 
an  exceedingly  powerful  means  of  ventilation,  but  they 
are  irregular.  A wind  that  blows  so  slowly  that  it  is 
imperceptible  will  change  the  air  in  a large  room  in  a 
very  short  space  of  time.  Then  there  are  movements  in 
the  air  that  are  caused  by  variations  in  its  density  or 
weight,  and  these  variations  in  weight  are  generally  pro- 
duced by  differences  of  temperature.  When  the  air  is  hot 
it  is  light,  and  when  cold  it  is  heavy,  and  the  changes 
produced  by  this  means  are  of  great  importance  with 
regard  to  ventilation. 
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In  this  climate  we  cannot  bear  the  air  of  a room 
to  be  changed  more  than  three  or  four  times  in  an 
hour.  If  changed  more  frequently  there  is  a draught, 
and  we  can  therefore  see  that  since  we  must  have  3000 
cubic  feet  per  hour,  we  should  have  from  750  to  1000 
cubic  feet  of  space  each. 

How,  then,  is  the  change  to  be  accomplished  and 
to  be  effected  without  draught  ? In  the  first  place 
how  can  the  wind  be  utilised?  This  can  be  always 
done  in  a building  which  has  windows  on  both  sides ; 
all  we  have  to  do  is  to  open  the  window  nearest  to  the 
direction  from  which  the  wind  comes,  and  also  the  one 
diagonally  opposite,  at  the  top,  when  sufficient  currents 
of  air  will  be  produced  to  change  the  air  in  the  room  with- 
out any  draught.  But,  of  course,  in  a quite  still  atmo- 
sphere this  plan  is  of  no  avail.  Wind  has  been  used 
for  ventilating  the  holds  of  ships,  and  in  that  case  a 
cowl  is  so  constructed  that  it  always  faces  the  wind,  and 
so  fresh  air  is  conducted  down  into  the  hold  by  pipes, 
and  the  foul  air  is  driven  out  through  various  passages. 
This  method  is  known  as  Sylvester’s  mode.  It  was  put 
into  practice  by  a Dr.  Neil  Arnott  to  ventilate  a large 
school.  He  had  a cowl  which  always  faced  the  wind, 
and  the  air  was  carried  by  a pipe  down  into  the  base- 
ment, where  it  was  warmed  ; then  it  rose  upwards 
through  apertures  into  the  apartments  of  the  school,  and 
from  thence  was  conducted  by  another  pipe  to  the  out- 
side, which  pipe  was  surmounted  with  another  cowl,  so 
constructed  as  to  always  face  away  from  the  direction 
of  the  wind,  and  in  this  way  he  utilised  the  wind  which- 
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ever  way  it  blew.  Wind  acts  directly  as  a ventilating 
agent  by  displacing  air  that  is  before  it,  and  indirectly 
by  aspiration.  When  air  is  blown  forcibly  across  a 
tube  it  causes  a diminution  of  pressure  in  the  air  in  the 
tube ; and  so  air  blowing  across  the  top  of  a chimney 
causes  an  up-draught  in  the  chimney. 

These  are  the  chief  ways  in  which  the  wind  has 
been  utilised,  but  the  objection  is  its  irregularity. 
Sometimes  it  is  too  strong,  at  others  too  weak. 

How  are  differences  in  the  weight  of  the  air  to  be 
utilised  ? The  first  thing  we  have  to  consider  is  the 
condition  of  the  air  in  an  apartment.  The  air  that  we 
breathe  out,  and  the  air  given  out  by  lights  are  hot,  and 
consequently  are  light,  and  rise  to  the  top ; and  for  that 
reason  the  air  in  the  upper  part  of  an  apartment  is 
always  more  impure  than  in  any  other  part.  If  you 
construct  a closed  chamber,  and  put  lights  into  it,  the 
top  lights  will  go  out  first. 

From  this  we  see  that  the  impure  air  we  want  to 
get  rid  of  is  chiefly  at  the  top  of  the  apartment,  and  the 
pure  air  low  down. 

Another  thing  to  be  considered  is,  that  the  air  out- 
side is  colder  than  inside,  and  therefore  heavier,  and  so 
whenever  we  make  an  opening  from  the  outside  to  the 
inside  the  cold  air  will  pour  in.  How,  those  who  first 
began  to  think  about  these  matters,  considered  that  as 
the  foul  air  is  warm,  and  at  the  top  of  the  room,  if  they 
made  an  opening  at  the  top  the  impure  air  would  go 
out ; but  instead  of  that  fresh  air  comes  in,  and  you  see 
why,  because  outside  there  is  heavy  air,  and  inside  there 
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is  light  air,  and  the  exit  for  the  air  is  up  the  chimney, 
so  that  the  apartment  is  in  precisely  the  same  position 
as  a box  when  you  put  it  under  water.  There  is  another 
way  in  which  air  will  come  into  a room,  besides  by 
openings  specially  constructed.  It  will  come  in  through 
all  openings,  through  the  chinks  of  the  windows,  through 
the  keyholes.  Air  will  also  come  into  a room  from 
the  outside  through  the  walls.  A very  considerable 
quantity  of  air  penetrates  into  rooms  through  the  walls, 
when  the  outside  air  is  much  colder  than  the  inside. 
I may  tell  you  that  Professor  Pettenkofer  has  shown 
that  you  can  blow  a candle  out  through  a brick  if  you 
only  concentrate  the  breath  on  one  point ; and  so  a 
large  quantity  of  air  is  changed  in  rooms  by  the  air 
passing  through  the  walls  when  there  is  no  contrivance 
to  prevent  it,  and  it  is  a fact  that  many  rooms,  when 
shut  up  in  winter,  are  much  better  ventilated  than  in 
the  summer,  when  the  doors  and  windows  are  open, 
because  at  particular  periods  there  is  scarcely  any  move- 
ment of  the  air  in  summer,  whereas  in  winter  the  cold 
air  outside,  and  the  warm  air  inside,  form  a current  of 
air,  and  a large  quantity  passes  through  the  walls.  It 
remains,  then,  for  us  to  consider  how  air  is  to  be  got 
into  rooms  so  as  not  to  produce  draught,  and  how  the 
air  that  has  been  used  is  to  be  drawn  out.  Cold  air 
must  be  let  in  above  people’s  heads,  or  it  will  produce 
a draught,  and  the  practice  has  arisen  of  letting  it  in 
high  up  in  a room.  Now,  if  you  make  an  opening 
through  the  wall  of  the  room  into  the  outer  air  very 
high  up,  the  outer  air  will  come  in,  cold  and  heavy, 
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into  the  air  which  is  lightest  at  the  top  of  the  room, 
and  so  it  will  fall  down,  just  as  cold  water  would, 
on  to  people’s  heads,  and  that  clearly  will  not  do.  That 
is  to  say,  then,  that  you.  cannot  let  cold  air  in  low 
down,  as  it  will  get  to  your  feet  ; and  yon  cannot  let  it 
in  high  up,  as  it  will  fall  on  your  head.  What,  then,  is 
to  be  done  ? You  must  let  the  air  in  so  that  it  shall 
have  a direction  upwards,  so  that  it  shall  come  in  like  a 
fountain.  There  are  several  ways  of  doing  that.  Sup- 
pose you  make  an  opening  over  the  door  through  the 
wall  into  the  outer  air,  and  you  put  in  front  of  that  a 
piece  of  hoard  slanting  forward,  air  coming  in  strikes 
against  that  hoard,  and  is  deflected  upwards,  so  that  it 
ascends  as  it  comes  in,  and  if  you  provide  that  board 
with  what  are  called  a pair  of  cheeks  to  prevent  the  air 
tumbling  over  at  the  sides,  you  have  a very  cheap  way 
of  letting  air  into  the  room.  One  precaution  you  should 
take,  and  that  is,  that  you  should  not  do  that  too  high 
up  in  the  room  ; you  should  put  it  low  down,  only  just 
sufficiently  above  people’s  heads.  Now,  many  people 
do  not  like  to  go  into  a room  where  they  see  anything  of 
the  kind,  and  there  are  people,  too,  who  directly  anything 
of  that  kind  catches  their  eye,  think  they  feel  a draught, 
but  I can  assure  you  that  in  a room  provided  with  a 
contrivance  of  that  kind  there  is  no  draught,  it  is 
pure  fancy,  and  I would  advise  the  plan  as  one  worthy 
of  general  adoption ; and  I would  suggest  that  you 
should  conceal  the  piece  of  wood  by  hanging  a picture 
in  front,  and  then  your  nervous  friends  will  not  be 
annoyed.  This  contrivance  has  been  brought  under 
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more  control  by  an  apparatus  known  as  tlie  Sherring- 
hani  valve,  which  was  invented  some  time  ago,  and 
answers  its  purpose  very  well  indeed.  It  is  a heavy 
iron  valve,  having  a box  which  fits  into  a hole  made 
in  the  wall ; on  the  other  side  of  this  box  is  frequently 
placed  a piece  of  perforated  zinc,  but  an  iron  grating 
to  keep  birds  out  is  all  that  is  necessary,  and  is  prefer- 
able. It  has  a heavy  valve  which  is  open  when  the  box 
is  in  position,  and  this  is  a very  good  point  about  it.  It 
can  be  shut  by  pulling  a string  if  required,  or  it  can  be 
kept  at  any  angle,  because  there  is  a weight  which  just 
balances  it,  and  it  has  two  cheeks  to  prevent  the  air 
falling  over  sideways.  If  this  valve  be  used  it  should 
not  be  placed  too  high  up  in  the  room.  A good  many 
people  are  dissatisfied  with  it  because  they  say  the  cold 
air  falls  down  into  the  room,  but  the  reason  of  that  is 
that  the  apparatus  has  been  placed  too  near  to  the  ceil- 
ing, so  that  the  air,  after  entering,  immediately  strikes 
the  ceiling,  and  rebounds  downwards  into  the  room ; 
if  placed  a little  above  people’s  heads  it  does  not  cause 
a draught. 

I have  to  mention  next  a very  simple  means  by 
which  air  can  be  introduced  into  a room  by  means 
of  the  window,  so  as  to  go  upwards,  even  in  the  coldest 
weather  without  anybody  experiencing  a draught.  A 
piece  of  wood,  about  three  inches  high,  which  runs  the 
whole  width  of  the  window,  is  placed  underneath  the 
lower  sash,  which  is  shut  down  upon  it ; this  of  course 
prevents  the  top  and  bottom  sashes  fitting  in  the  centre 
of  the  window,  and  an  opening  is  left,  so  that  air 
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comes  in  and  goes  upwards.  It  has  a small  disadvan- 
tage, and  that  is,  that  there  is  no  provision  for  the 
exclusion  of  blacks,  but  that  has  been  to  a certain  extent 
rectified  by  one  of  Mr.  Tobin’s  plans.  He  does  not  put 
a block  underneath  the  lower  sash  ; he  cuts  little  pieces 
out  of  the  bottom  piece  of  wood  of  the  top  sash,  and  the 
air  comes  in  and  goes  straight  up,  and  no  one  can  see 
that  the  holes  are  there.  You  can  even  hold  a candle 
in  front  of  the  "window,  and  no  effect  whatever  is  shown 
upon  the  flame.  Into  these  little  holes  he  introduces  a 
small  box,  and  fills  it  with  cotton  wool,  keeping  the 
wool  in  its  place  by  little  threads  passing  from  side  to 
side.  That  wool  filters  the  air  so  that  no  blacks  can 
come  in.  You  can  also  have  some  small  lids  fastened 
on  to  the  top  part  of  the  bottom  sash  to  turn  over 
and  cover  the  holes  whenever  you  choose,  so  as  to  pre- 
vent air  coming  in  at  all.  If  cotton  -wool  is  used  it 
must  be  changed  pretty  frequently,  for  it  is  astonishing 
how  soon  it  gets  dirty. 

Louvre  ventilators  are  made  of  slips  of  wood,  glass, 
etc.,  very  much  like  Venetian  blinds — which  latter 
make  good  ventilators  if  you  open  the  top  of  the  win- 
dow, and  turn  the  blind  so  that  the  laths  slope  up- 
wards. 

Windows  have  been  constructed  so  that  when  the 
top  sash  is  lowered  it  pulls  down  a contrivance  made  of 
louvres,  but  this  is  rather  a complicated  arrangement. 
Louvre  ventilators,  made  of  glass,  are  largely  used,  and 
can  be  put  into  a window  instead  of  one  of  the  panes. 
You  can  open  or  shut  them,  and  put  them  at  any  angle 
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you  please.  The  disadvantage  that  they  have  is  that 
the  metal  framework  is  liable  to  rust  so  that  they  will 
not  work,  hut  with  care  they  do  very  well. 

Windows  which  slope  when  they  open  are  used 
sometimes,  and  they  afford  a very  good  means  of 
letting  a large  volume  of  air  into  assembly  rooms, 
etc.,  which  are  liable  to  be  overcrowded. 

In  some  cases,  especially  where  Trench  casement 
windows  are  used,  Cooper’s  circular  disc  ventilator  is 
fixed.  It  is  entirely  made  of  glass — a circular  disc  with 
five  holes  in  it,  corresponding  with  five  holes  in  the 
pane.  The  disc  can  be  turned  so  that  the  holes  in  it  are 
or  are  not  opposite  to  those  in  the  window-pane,  so 
that  air  can  be  admitted  or  not  at  pleasure.  One 
advantage  of  this  ventilator  is  that  it  has  no  metal 
framework,  and  so  cannot  get  rusty. 

In  conclusion,  I will  mention  the  vertical  shaft  plan, 
wliichwas  re-introduced  a short  time  ago  into  this  country 
by  Mr.  Tobin.  Its  action  depends  upon  the  principle 
described  just  now ; wherever  you  make  an  opening  into 
the  outer  air,  air  will  come  in,  by  reason  of  the  greater 
pressure  outside,  and  if  you  admit  air  into  a room 
through  a vertical  shaft,  the  air  will  rise  up  through  the 
shaft  and  come  into  the  room  like  a fountain,  but  no 
draught  will  be  felt.  One  advantage  of  this  plan  is  that 
you  can  filter  the  air  in  various  ways,  by  passing  it 
through  cotton- wool,  or  you  can  pass  the  air  over  the 
surface  of  water  placed  in  the  tube  leading  to  the  ver- 
tical shaft,  deflecting  the  air  on  to  the  surface  of  the 
water  by  causing  it  to  strike  against  sloping  pieces  of 
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metal.  In  that  way  the  suspended  particles  in  the  air 
are  driven,  as  it  were,  on  to  the  surface  of  the  water, 
and  the  air  passes  on  into  the  vertical  tube  which  rises 
up  into  the  room.  That  is  a very  admirable  contrivance, 
though  not  so  simple  as  some  of  the  methods  I have 
before  described.  I should  add  that  it  is  patented. 

Now  let  us  consider  the  ways  in  which  foul  air  gets 
out  of  rooms.  In  the  first  place,  a very  large  quantity 
of  air  passes  out  of  all  rooms  by  the  chimney,  whether 
there  is  a fire  or  not,  provided  that  fresh  air  can  come 
into  the  room  somewhere  else.  Whenever  the  air  out- 
side is  colder  than  the  air  inside,  the  air  will  go  out 
through  the  chimney  ; that  is  partly  due  to  the  dimin- 
ution of  pressure,  which  causes  an  up-draught  in  the 
chimney  whenever  air  is  moving  over  it,  which  is  nearly 
always  the  case.  It  has  been  thought  by  many  that  it 
would  be  advisable  to  have  some  means  by  which  the 
air  at  the  top  of  an  apartment,  which  is  always  warmest, 
could  be  drawn  off ; and  one  of  the  earliest  contriv- 
ances to  effect  this  was  Neil  Arnott’s  valve,  which  is  a 
valve  placed  in  a box,  opening  into  the  chimney ; it 
is  a very  light  metal  valve,  which  can  only  open  to- 
wards the  chimney,  so  that  whenever  the  pressure  of 
the  air  in  the  room  is  greater  than  that  of  the  air  in  the 
chimney,  it  opens  and  allows  air  to  escape  from  the 
room  into  the  chimney,  and  when  the  contrary  is  the 
case  it  shuts,  and  so  prevents  the  air  in  the  chimney 
from  coming  into  the  room,  and  when  it  is  not  re- 
quired it  can  be  fastened  by  means  of  a string  attached 
to  it.  The  disadvantages  of  that  valve  are,  that  after 
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a time  it  gets  out  of  order,  and  does  not  close  so  easily, 
and  so  a certain  amount  of  air  and  blacks  from  the 
chimney  get  into  the  room  ; it  also  makes  a clicking 
noise,  which  is  unpleasant,  especially  in  a bedroom. 
You  can  sleep  if  there  is  a clock  in  the  room,  because 
the  ticking  is  regular,  and  you  get  accustomed  to  it, 
but  it  is  extremely  unpleasant  and  disturbing  to  have 
an  irregular  ticking  or  clicking.  That  valve  was  im- 
proved upon  by  Boyle,  who,  instead  of  employing  a 
metal  flap  to  be  blown  by  the  air  towards  the  chimney, 
used  a series  of  little  pieces  of  talc,  which  acted  in  pre- 
cisely the  same  way  as  Arnott’s  valve  ; but  if  you  blow 
against  these  little  flaps  from  behind  with  a sudden 
strong  gust,  the  air  catches  underneath  their  edges,  and 
opens  instead  of  shutting  them.  A better  plan  than 
either  of  these  is  to  have  a separate  shaft,  side  by  side 
with  the  chimney,  so  that  the  air  is  warmed  by  contact 
with  the  flue,  and  an  up-current  is  promoted  in  the 
shaft  which  communicates  with  each  room,  and  so  air 
is  extracted  without  any  possibility  of  blacks  getting 
into  the  house. 

The  next  is  known  as  M'Kinnell’s  ventilator.  In 
this  there  are  two  tubes,  one  inside  the  other.  They  are 
let  into  the  ceiling  of  a room,  and  made  to  end  outside, 
at  different  heights ; the  heated  air  escapes  through  the 
inner  tube,  and  the  cold  air  from  the  outside  comes 
down  between  the  two  tubes^  and  is  deflected  horizon- 
tally into  the  room  by  a metal  rim  placed  round  the 
end  of  the  inner  tube,  and  parallel  to  the  ceiling.  Ihe 
action  of  that  ventilator  is  very  much  increased  if  a gas 
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jet  be  placed  below  the  inner  tube.  It  is  upon  this 
principle  that  railway  lamps  are  made. 

Another  ventilator  which  is  constructed  upon  the  plan 
of  M'Kinnell’s  is  one  in  which  the  outer  tube  is  pro- 
vided at  its  upper  part  with  vanes,  which  catch  the 
wind,  and  so  the  air  is  deflected  down  into  the  space 
between  the  two  tubes  and  into  the  room  through  per- 
forations which  are  just  below  the  ceiling. 

A modification  of  these  contrivances  may  be  used 
in  rooms  where  there  is  another  room  above,  so  that  you 
cannot  have  tubes  going  up  into  the  outer  air  ; it  consists 
of  a like  arrangement  of  tubes,  and  they  end  between 
the  ceiling  and  floor  of  the  room  above,  between  the 
joists  upon  which  the  floor  rests ; and  on  each  side  of 
the  house  there  are  air  bricks  let  in  so  that  the  air 
comes  in  at  one  side,  and  blows  out  at  the  other. 
These  are  known  as  Tossell’s  ventilators. 

In  artificial  ventilation,  by  means  of  which  air  is 
forced  into  places,  or  drawn  out,  by  machinery,  the 
chief  agents  that  are  used  are  large  fans,  consisting  of 
metal  vanes  placed  round  an  axle,  like  the  spokes  of  a 
wheel — either  large  propelling  fans,  by  which  air  is 
driven  into  the  places  and  allowed  to  get  out  as  it  can, 
or  by  channels  leading  to  flues;  or  extracting  fans,  which 
draw  air  out  of  the  places,  and  allow  it  to  come  in  from 
the  outside  through  channels  provided  for  it.  In  this 
way  many  of  our  mines  are  ventilated. 

Drawing  air  out  by  means  of  large  furnaces  is 
also  generally  considered  to  be  a part  of  artificial 
ventilation,  but  the  principles  are  precisely  the  same 
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as  those  described  with  reference  to  the  ventilation  of 
apartments. 

In  sunlight  ventilators  there  is  a large  extraction 
shaft  around  the  tube  which  carries  away  the  products 
of  combustion  of  the  gas,  and  the  ventilating  power  of 
this  shaft  is  sometimes  increased  by  connecting  pipes 
with  it  conveying  the  products  of  combustion  from  the 
gas-burners  in  various  parts  of  the  building. 

In  buildings  warmed  by  hot- water  pipes  the  air  ad- 
mitted may  be  warmed  by  allowing  it  to  pass  over 
heated  pipes,  and  the  shaft  through  which  the  pipes 
pass  from  the  boiler  in  the  basement  to  the  upper  parts 
of  the  house  may  be  used  for  the  purpose  of  extracting 
air. 


LECTUEE  XIII. 


FOODS  AND  DRINKS, 

We  are  continually,  as  you  know,  getting  rid  of  certain 
substances  from  our  bodies.  We  get  rid,  in  the  first 
place,  by  means  of  all  our  excretory  organs,  of  a consider- 
able quantity  of  water ; we  get  rid  of  that  from  the  lungs, 
skin,  and  kidneys.  We  get  rid  of  mineral  salts  espe- 
cially in  tbe  secretion  of  the  kidneys  ; of  carbonic  acid 
especially  by  tbe  lungs,  but  also  by  tbe  kidneys  and 
skin  ; and  of  matters  containing  nitrogen  — viz.,  a sub- 
stance called  urea,  and  another  called  uric  acid — almost 
entirely  by  means  of  tbe  kidneys. 

It  is  necessary  that  these  losses  should  be  replaced. 
Besides  this  we  are  continually  exerting  force  in  various 
ways,  and  it  is  necessary  that,  in  some  way  or  another, 
this  force  should  be  generated. 

So  we  see  the  necessity  of  taking  certain  substances 
into  our  bodies,  and  we  have  already  seen  how  one 
substance,  viz.,  oxygen,  is  obtained. 

We  will  now  go  on  to  consider  the  other  substances 
that  are  taken  into  our  bodies.  These  we  get  from  the 
mineral  world,  the  vegetable  world,  and  the  animal 
world,  but  we  may  say  that  we  get  them  all  indirectly 
from  the  mineral  world,  because  vegetables  build  up 
their  structures  from  the  substances  they  get  from  the 
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mineral  world,  and  we  eat  vegetables,  or  we  eat  the 
flesh  of  animals  that  have  themselves  fed  upon  the 
vegetable  world. 

Now,  since  the  substances  that  our  bodies  are  made 
of  are  exceedingly  various  in  their  composition,  and  since 
all  parts  of  our  bodies  waste  during  use,  and  require  to 
be  repaired,  it  is  quite  clear  that  the  food  we  eat  must 
be  of  a mixed  kind.  It  must  contain  a large  number  of 
substances  ; no  one  substance  at  any  rate,  and  not  even 
two  or  three,  would  be  sufficient  for  food  for  us,  or  for 
any  animal. 

So,  then,  we  eat  foods  that  are  made  up  of  a great 
variety  of  substances.  The  substances  of  which  these 
foods  are  made  up  may  be  classified,  and  the  first  group 
includes  substances  belonging  to  the  mineral  world,  viz., 
water  and  mineral  salts.  Since  two-thirds  of  the  weight 
of  the  body  consists  of  water,  and  as  we  get  rid  of 
water  by  all  our  excretory  organs,  it  is  quite  clear  that 
we  must  take  a considerable  quantity  of  water  in  our 
foods  ; but  this  will  be  more  fully  considered  in  a 
separate  lecture.  We  take,  also,  mineral  salts  in  our 
food,  directly  and  indirectly  ; we  take  them  directly  in 
the  form  of  condiments,  and  the  most  important  of  the 
mineral  salts  for  us  to  take  is  common  salt,  or  chloride 
of  sodium.  This  salt  is  found  in  all  the  tissues,  in 
the  blood,  and  in  all  the  fluids  of  the  body.  No  doubt, 
one  action  of  it  is  to  promote  the  flow  of  saliva  in 
the  mouth,  but  that  is  not  the  only  action  ; it  is  a 
food  that  is  necessary  to  our  existence,  and  to  the  exist- 
ence of  animals  generally.  Animals,  in  countries  where 
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common  salt  is  scarce,  go  for  hundreds  of  miles  to  have 
a lick  at  the  salt  rocks. 

We  get  common  salt,  in  some  countries,  from  the 
sea-water,  which  contains  a considerable  quantity  of 
it.  In  Norway  it  is  got  by  freezing  sea-water.  It  is 
obtained  in  some  countries  by  evaporating  sea-water. 
It  is,  however,*  got  in  much  larger  quantities  from  rocks 
containing  salt.  In  this  country  there  are  enormous 
salt-works  in  several  counties,  notably  in  Cheshire  and 
Worcestershire,  where  it  is  obtained  either  by  digging 
it  out,  or  more  generally  by  pumping  out  the  salt  water 
contained  in  the  fissures  of  the  rocks.  This  brine  is 
then  evaporated,  and  the  salt  remains. 

Other  salts  may  be  used  as  condiments  instead  of 
common  salt,  but  they  cannot  replace  it  as  a food. 

Then  we  require  salts  of  lime,  and  especially  phos- 
phate of  lime,  because  almost  all  our  tissues  contain 
salts  of  lime  and  phosphate  of  lime.  All  animals  con- 
tain a certain  quantity  of  phosphoric  acid. 

We  get  phosphates  indirectly,  and  we  get  them  chiefly 
in  the  grains  that  we  eat,  especially  in  the  grains  of 
cereals — wheat,  barley,  oats,  maize,  rice,  and  so  on — and 
they  get  it  in  turn  from  water.  The  rain-water  which 
falls  on  the  soil  dissolves  phosphate  of  lime,  and  these 
plants  collect  it  and  enclose  it  in  their  grains.  We 
get  phosphates,  too,  to  a certain  extent  in  the  meat  we 
eat.  We  require  a great  number  of  other  salts,  but  only 
one  or  two  others  that  I wish  to  mention — salts  of 
potash,  from  green  vegetables,  and  salts  of  iron.  Iron 
is  a necessity  for  the  existence  of  animals,  because  it  is 
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one  of  the  constituents  of  the  red  corpuscles  of  the 
blood,  and  we  obtain  it  especially  in  the  red  meat  that 
we  eat,  also  to  a certain  extent  in  most  of  the  other 
foods.  These,  water  and  mineral  salts,  go  by  the  name 
of  inorganic  food  substances. 

We  have,  besides,  a class  of  food  substances  that  we 
call  organic  food  substances,  because  we  get  them  from 
the  organic  world. 

Now,  some  of  these  substances  are  composed  of  car- 
bon, hydrogen,  and  oxygen ; they  contain  no  nitrogen, 
and  so  they  are  called  non-nitrogenous  foods.  They  are 
of  two  kinds — one  class  includes  fats  and  oils,  and  the 
other  class  includes  such  foods  as  starches,  sugars,  and 
gums.  Fats  and  oils  contain  a very  large  quantity  of 
carbon  and  hydrogen,  but  very  little  oxygen ; but 
starches,  sugars,  and  gums  contain  a large  quantity 
of  oxygen,  on  an  average  amounting  to  half  their  weight ; 
and  besides  these  there  is  a small  division  which  consists 
of  certain  organic  acids  that  we  get  from  the  green 
vegetables — citric  acid,  tartaric  acid,  etc.  ; and  lastly, 
alcohol  must  be  mentioned  under  this  head. 

Organic  foods  that  contain  nitrogen  are  called  nitro- 
genous foods  ; they  contain  carbon,  hydrogen,  oxygen, 
nitrogen,  and  very  often  sulphur  or  phosphorus.  Now 
these  nitrogenous  food  substances  are  also  divided  into 
two  large  classes,  and  one  smaller  and  less  important 
class.  The  first  class,  which  is  the  most  important  of 
all,  includes  substances  like  albumen  and  fibrine,  sub- 
stances that  contain  a considerable  proportion  of  nitro- 
gen, and  that  are  called  albuminous  bodies  or  protein 


FOODS  AND  DRINKS. 


235 


compounds  ; and  the  second  class  includes  one  import- 
ant substance — viz.,  gelatine,  and  a few  less  important 
ones.  There  is  also  a smaller  class  containing  nitrogen, 
which  includes  the  essential  principles  of  tea,  coffee, 
cocoa,  etc. 

Among  substances  that  do  not  contain  nitrogen  there 
are,  then,  two  important  classes,  the  fats  and  oils,  and 
the  starches,  sugars,  and  gums.  We  shall  see  what 
becomes  of  these  when  they  are  taken  in  our  foods. 

The  fats  that  are  taken  in  our  foods  are  not  altered 
in  the  mouth,  they  are  not  altered  in  the  stomach,  hut 
in  the  small  intestine  ; when  mixed  with  the  pancreatic 
juice  and  bile,  they  form  what  we  call  an  emulsion.  I 
can  best  illustrate  what  is  meant  by  an  emulsion  by 
mentioning  milk,  which  contains  very  various  sub- 
stances : one  is  fat,  which  is  in  the  state  of  an  emulsion, 
being  divided  into  very  small  particles. 

Fat,  then,  is  reduced  by  the  action  of  the  pancreatic 
juice  into  the  state  of  an  emulsion  ; the  fine  particles  of 
fat  then  pass  through  the  walls  of  the  villi  of  the  small 
intestine  into  the  lacteal  vessels,  which  begin  in  the 
villi,  and  so  get  into  the  blood  unchanged  ; then  part  of 
the  fat  combines  with  the  oxygen  in  the  blood,  and 
because  there  is  a large  quantity  of  hydrogen  and  only 
a small  quantity  of  oxygen  in  the  fat  a very  large  amount 
of  combination  can  take  place,  for  almost  all  the  carbon 
and  hydrogen  can  combine  with  free  oxygen  in  the 
blood,  so  that  a large  amount  of  oxidisation  occurs,  and 
a considerable  quantity  of  heat  is  produced  Fats  are 
among  the  most  important  foods  that  we  have  for  pro- 
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during  heat ; they  partly  do  this,  and  partly  are  deposited 
in  the  various  tissues. 

Another  important  function  that  fats  perform  is  that 
of  aiding  the  digestion  of  other  substances.  An  animal 
cannot  live  upon  a diet  that  contains  no  fat,  because  he 
cannot  properly  digest  or  absorb  the  other  substances 
contained  in  his  food. 

What  becomes  of  the  sugars,  starches,  and  gums  ? 
They  are  converted  in  the  mouth  by  the  saliva  into  a 
form  of  sugar  which  goes  by  the  name  of  grape  sugar. 
When  the  food  gets  down  into  the  stomach  no  further 
change  occurs,  but  in  the  small  intestine,  if  all  these 
substances  have  not  been  changed  in  the  mouth,  the 
pancreatic  juice  changes  the  remainder  into  sugar,  which 
is  absorbed  into  the  blood-vessels  of  the  villi,  and  passes 
through  the  portal  vein  into  the  liver.  It  has  been 
shown  that  the  blood  in  the  portal  vein  contains  sugar, 
but  the  blood  in  the  vein  that  leaves  the  liver  does  not 
contain  sugar,  and  the  blood  generally  in  the  body  con- 
tains no  sugar,  or  only  a very  small  quantity  : when, 
either  from  disease  or  other  cause,  the  blood  does  contain 
sugar,  especially  if  in  large  quantity,  it  is  got  rid  of  by 
the  kidneys  as  sugar.  What,  then,  becomes  of  the  sugar 
that  goes  into  the  liver  ? It  has  been  found  by  a large 
series  of  experiments  that  the  liver  is  capable  of  prepar- 
ing, out  of  the  substances  that  come  to  it  in  the  blood,  a 
substance  that  goes  by  the  name  of  liver  starch,  some  of 
which  it  stores  up,  and  the  liver  in  consequence  always 
increases  in  weight  after  the  consumption  of  a diet  con- 
taining much  starch.  This  starch  is  a substance  capable 
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of  very  readily  being  turned  back  again  into  sugar,  and 
that  is  why  it  goes  also  by  the  name  of  glycogen,  which 
means  sweet  producer.  But  it  is  found  that  ordinarily 
there  is  very  little  or  no  sugar  in  the  blood  that  leaves 
the  liver  ; what,  then,  becomes  of  the  liver  starch  stored 
up  in  it  ? The  liver  has  at  least  one  other  property — 
that  of  manufacturing  fat ; but  the  precise  way  in  which 
this  is  done  is  not  understood : it  is  probably  from  the 
liver  starch,  though  other  substances  may  have  some- 
thing to  do  with  the  process  ; so  that  the  liver  may  be 
regarded  as  an  important  apparatus  for  manufacturing 
fat  and  turning  it  into  the  blood,  and  so  we  see  why 
people  who  take  large  quantities  of  food  containing 
starch  frequently  become  stout,  and  how  it  is  that 
animals,  especially  poultry,  are  fattened  upon  foods  con- 
taining a large  percentage  of  starch  and  very  little  fat. 
In  this  way  these  food  substances,  starches  and  sugars, 
are  turned  first  into  grape  sugar,  and  then  by  the  liver 
they  are  changed  into  fat,  which  is  disposed  of  in  the 
ways  already  described.  We  can  perceive,  then,  that 
non-nitrogenous  foods  have  especially  the  important 
function  of  combining  with  oxygen  in  the  blood  and 
producing  animal  heat,  and  for  this  reason  they  have 
been  called  calorific  foods. 

Ho  mixture  of  non-nitrogenous  substances  is  capable 
of  keeping  up  the  life  of  an  animal,  because  loss  of 
nitrogenous  matter  is  occurring  continually,  and  so  it  is 
necessary  that  foods  containing  nitrogen  must  be  taken. 
When  any  tissue  is  used  it  wastes,  and  that  waste  must 
be  replaced. 
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Then  with  regard  to  nitrogenous  foods  : the  first 
class  of  these  includes  albumen,  which  we  find  pure  in 
the  white  of  an  egg,  also  in  meat ; fibrin  and  syntonin, 
which  we  also  find  in  flesh  : it  also  includes  casein, 
found  in  milk ; legumen,  found  in  beans  and  peas  ; 
and  several  others.  These  substances  are  known  by  the 
name  of  protein  compounds.  They  are  not  attacked 
by  the  saliva  in  the  mouth,  but  they  are  attacked  by  the 
gastric  juice  in  the  stomach,  and  are  converted  into 
substances  that  go  by  the  name  of  peptones,  and  are 
absorbed  from  the  chyle  into  the  blood  through  the 
walls  of  the  capillaries  of  the  villi,  and  also  into  the 
lacteal  vessels  of  the  villi. 

These  substances  go  especially  to  form  tissue,  and  so 
the  nitrogenous  substances  have  been  called  tissue-form- 
ing foods.  But  they  do  not  solely  contribute  to  that 
purpose,  some  part  being  oxidised  in  the  blood,  with 
the  waste  nitrogenous  substances  from  the  tissues,  which 
are  also  oxidised  in  the  blood,  forming  the  nitrogenous 
waste  that  is  got  rid  of  by  the  kidneys. 

No  dietary,  therefore,  is  complete  without  one  or 
more  of  these  nitrogenous  foods.  Some  time  ago  it  was 
thought  that  the  force  we  exerted  was  due  to  the  oxida- 
tion of  the  nitrogenous  substances  of  which  our  muscle 
is  composed,  but  it  has  been  shown  by  experiments 
made  by  different  observers  that  this  is  not  the  case,  but 
that  the  force  we  exert  is  produced  by  the  oxidation  of 
the  non-nitrogenous  substances  in  our  foods,  of  the  sub- 
stances containing  carbon,  hydrogen,  and  oxygen,  but  no 
nitrogen,  and  that  the  greatest  exertion  can  be  supported 
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for  a time  upon  non-nitrogenous  foods.  It  is  clear  that 
if  force  were  produced  by  the  oxidation  of  the  nitro- 
genous substances,  the  amount  of  nitrogenous  waste  that 
we  excrete  from  the  kidneys  during  exercise  ought  to  he 
greater,  in  proportion  to  the  exertion.  This  is  not  found 
to  be  the  case  ; on  the  contrary,  it  is  the  amount  of  car- 
bonic acid  that  we  excrete,  and  the  amount  of  water  that 
passes  off,  that  are  in  proportion  to  the  amount  of  work 
done.  It  is  therefore  certain  that  the  main  object  of 
the  non-nitrogenous  foods  is  to  produce  heat  by  being 
burnt  in  the  blood,  and  thus  keep  us  at  a proper  tem- 
perature, and  supply  force  for  the  work  we  do  ; and  the 
chief  use  of  the  nitrogenous  foods  is  to  repair  the 
waste  of  the  nitrogenous  tissues,  and  only  to  aid  in 
a secondary  way  the  production  of  animal  heat  ; in 
fact,  the  muscular  tissue  of  the  body  is  really  the  ap- 
paratus by  which  force  is  exerted,  and  that  force  is 
not  due  to  the  heat  produced  by  the  oxidation  of  the 
muscular  tissue. 

These,  then,  are  the  chief  substances  contained  in 
foods. 

The  diet  of  an  adult  doing  an  average  amount  of 
work  should  consist  of  a mixture  of  the  food  substances 
I have  just  described,  in  the  following  proportions  : — 
Substances  containing  nitrogen,  4£  ozs.  j fats,  3 ozs.  ; 
carbo-hydrates  (starches,  gums,  sugars),  14|  ozs.  ; salts, 
1 oz-  total,  22£  ozs.  of  dry  substances  (containing  no 
water).  This,  in  the  form  of  moist  food,  is  equivalent 
to  about  40  ozs.  of  food ; and,  besides  this,  he  should 
have  from  70  to  80  ozs.  of  water. 
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These  are  the  quantities  necessary  when  an  ordinary 
amount  of  exertion  has  to  be  undergone ; of  course,  if 
greater  exertion  is  required,  much  larger  quantities  of 
these  substances  must  be  taken,  and  especially  of  the 
carbo-hydrates,  and  also  larger  quantities  of  the  nitro- 
genous substances,  though  not  in  proportion  to  the 
amount  of  work  performed. 

It  was  found  during  the  construction  of  the  North 
of  Trance  Eailway,  that  the  English  workmen  did 
much  more  work  than  the  Trenchmen  ; and  they  tried 
to  find  the  cause,  and  discovered  that  the  English 
took  a considerably  larger  quantity  of  meat  with  their 
food ; the  Frenchmen  were  then  put  on  the  same  diet, 
the  result  being  that  they  were  able  to  equal  their  English 
comrades  in  the  amount  of  work  performed  ; so  it  is 
quite  clear  that  hard  work  cannot  be  done  without  an 
increase  of  nitrogenous  as  well  as  of  non-nitrogenous 
foods  ; and  this  is  because  the  tissues  are  being  used 
faster,  and  require  to  be  repaired. 

If  less  than  this  amount  of  food  be  taken,  the  same 
amount  of  work  cannot  be  performed  for  any  length  of 
time.  If  the  amount  be  considerably  less,  say  16  ozs. 
of  dry  substances,  then  starvation  begins,  the  tissues 
of  the  body  begin  to  waste  rapidly,  faster  than  they 
can  be  replaced.  If  more  than  this  quantity  be  taken 
with  an  insufficient  amount  of  exercise  the  result  is 
what  is  called  plethora,  in  one  form  or  another.  If  a 
crreat  excess  of  non-nitrogenous  food  be  taken,  and  little 
exercise,  the  result  is  the  production  of  fat.  On  the 
other  hand,  if  too  large  an  amount  of  nitrogenous  food 


FOODS  AND  DRINKS. 


241 


be  consumed,  with  but  little  exertion,  then  the  conse- 
quence is  gout  or  some  kindred  disease. 

I must  now  speak  to  you  more  particularly  about 
gelatine.  This  has  for  a great  number  of  years  been 
considered  a very  important  food.  It  is  certainly  an 
extremely  digestible  substance.  Jellies  are  given  to 
invalids  because  they  can  digest  them.  But  a series  of 
experiments  was  made  some  time  ago  in  France  which 
threw  great  doubt  upon  the  nutritive  power  of  gelatine, 
and  which  made  people  begin  to  think  that  jellies  were 
of  no  use  at  all  as  food.  This,  however,  is  against  the 
experience  of  ages.  It  was  found,  for  instance,  that 
dogs  would  not  live  upon  gelatine,  and  that  they  did  as 
well  without  it  as  with  it.  It  is  not  likely  that  dogs 
would  live  upon  gelatine  ; no  animal  will  live  upon  any 
one  thing.  A dog  will  live  upon  bones,  but  not  upon 
gelatine  prepared  from  the  bones.  More  recent  experi- 
ments have  shown  that  gelatine  is  an  important  food  in 
this  way,  that  it  can  take  the  place  of  part  of  the  nitro- 
genous substances  which  are  being  oxidised  in  the  blood. 
It  seems  likely  that  gelatine  cannot  take  part  in  forming 
tissue  in  the  body,  but  it  is  certain  that  it  is  oxidised 
in  the  blood.  So  in  the  case  of  an  invalid  suffering 
from  an  acute  disease,  who  cannot  digest  strong  nitro- 
genous food,  waste  is  going  on  from  his  body,  and  it 
must  come  from  his  tissues  ; he  cannot  digest  ordi- 
nary meals,  but  he  can  digest  gelatine,  and  this  is 
oxidised  in  his  blood,  and  prevents  the  tissues  from 
being  wasted  so  fast.  Although  it  does  not  go  to  form 
tissues  it  is  certainly  oxidised  in  the  blood,  and  so  is 
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an  important  food  in  cases  where  other  nitrogenous 
foods  cannot  he  digested. 

We  will  now  pass  to  the  consideration  of  the  foods 
we  do  actually  eat  and  drink. 

In  the  first  place,  almost  all  these  foods  are  mixtures 
of  several  of  the  substances  I have  been  describing  as 
essential  food  substances,  but  there  is  only  one  of  these 
things  that  contains  all  the  substances  that  are  necessary 
for  nourishing  an  animal,  in  proper  proportions,  and  that 
one  is  milk,  which  is  the  natural  nutriment  of  all  young 
animals  of  the  order  mammalia  for  a certain  time.  It 
contains  about  87|  per  cent  of  water,  and  about  12£ 
per  cent  of  solid  matters.  The  milk  from  town-fed 
cows  is  richer  than  country  milk,  because  the  cows  are 
mere  machines  for  making  milk  ; they  do  not  go  out  into 
the  fields  and  spend  their  energies,  and  therefore  the 
town  milk  contains  about  14J  per  cent  of  solid  matters 
instead  of  12|  per  cent. 

What  are  the  solid  matters  in  the  milk  ? In  the 
first  place  it  contains  salts,  which  are  in  the  proportion 
in  which  they  are  wanted,  salts  of  lime,  especially 
phosphate  of  lime,  salts  of  soda,  potash,  magnesia,  and 
others  I need  not  mention,  and  it  contains  also  iron. 
It  contains  fats  which  are  in  the  form  of  an  emulsion, 
and  when  the  milk  is  allowed  to  stand  these  fats  partly 
rise  to  the  top  in  the  form  of  cream.  One  of  these  fats 
contains  phosphorus,  and  such  a fat  is  found  in  the 
nervous  tissues  of  all  animals.  It  contains  sugar — viz., 
lactose  or  sugar  of  milk,  and  it  contains  nitrogenous  sub- 
stances, the  chief  of  which  goes  by  the  name  of  casein  ; 
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it  forms  the  curd  of  milk,  and  is  the  most  important 
ingredient  in  cheese. 

The  milks  of  various  animals  have  slight  variations 
in  their  composition. 

I will  now  describe  to  you  a simple  way  by  means 
of  which  you  can  tell  for  yourselves  pretty  accurately 
whether  a specimen  of  milk  is  genuine  or  not ; of 
course  an  accurate  analysis  of  milk  can  only  be  made 
by  chemical  processes,  performed  by  an  experienced 
person  in  a chemical  laboratory,  but  it  can  be  examined 
sufficiently  to  arrive  at  a pretty  accurate  conclusion  in 
this  way  : — Milk  contains  solid  substances  in  solution ; 
it  is  heavier  than  water,  and  has  a density  of  about 
1030,  water  being  1000,  and  an  instrument  has  been 
made,  called  the  lactometer,  which  shows  the  density 
of  the  milk  in  which  it  is  placed.  It  consists  of  a 
hollow  glass  bulb,  having  some  mercury  at  the  bottom 
of  it,  and  a stem  which  is  graduated  in  degrees  from 
1035  downwards  to  1000.  Immediately  this  instru- 
ment is  plunged  into  milk,  it  is  clear  that  it  will 
sink,  and  that  the  depth  to  which  it  will  be  submerged 
will  be  regulated  by  the  greater  or  less  density  of  the 
milk  in  which  it  is  placed. 

This  is  not  sufficient  of  itself,  because  milk  that  con- 
tains a very  large  proportion  of  cream  is  lighter  than 
milk  that  contains  less,  and  so  sometimes  in  very  rich 
milk  this  instrument  will  stand  very  low  down,  and,  on 
the  other  hand,  substances  could  be  added  to  increase 
its  density.  However,  for  all  practical  purposes  it  may 
be  fairly  assumed  that  milk  is  only  tampered  with  by 
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adding  water,  or  by  removing  cream.  A second  test  is 
easily  made  by  means  of  an  instrument  called  the 
creamometer : it  consists  of  a tube  divided  into  100 
parts,  and  it  should  be  filled  up  to  the  top  mark  with 
milk,  which  should  be  allowed  to  stand  for  at  least  12 
hours,  for  the  cream  to  rise  ; the  amount  of  cream 
varies  a great  deal,  but  it  should  not  be  less  than  ten 
per  cent  by  volume.  If  a sample  of  milk  gives  less, 
and  at  the  same  time  the  lactometer  sinks  low  in 
it,  then  you  may  be  almost  certain  that  water  has  been 
added  ; if,  on  the  other  hand,  with  too  little  cream  the 
lactometer  stands  at  1030  or  higher,  the  milk  has  not 
been  watered,  but  has  been  skimmed. 

The  food  that  most  nearly  approaches  milk  in  its 
capabilities  of  nourishing  an  animal  is  an  egg  of  a 
bird.  You  will  at  once  understand  this,  as  a young 
bird  is  formed  of  it  ; the  egg  must  contain  all  the  sub- 
stances that  are  necessary  to  make  an  animal.  It  does 
not,  nevertheless,  follow  from  this,  that  it  contains  all 
the  substances  in  their  proper  proportions  to  keep  an 
animal  alive ; as  the  reverse  is  the  case..  An  egg  is  de- 
ficient in  water,  and  in  calorific  substances,  especially  of 
those  in  the  division  we  call  carbo-hydrates — starches, 
for  instance — and  these  are  replaced  by  the  heat  that  is 
derived  from  the  act  of  hatching ; and  without  the  shell 
the  egg  is  also  deficient  in  mineral  salts,  as  these  are 
supplied  by  the  gradual  dissolving  of  the  shell  which 
during  the  formation  of  the  chick  continues  dissolving 
until  only  a thin  crust  remains. 

The  white  of  an  egg  consists  of  almost  pure  albumen, 
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an  exceedingly  digestible  substance  when  lightly  boiled  ; 
but  if  boiled  hard  it  becomes  more  indigestible,  and  is 
not  so  readily  attacked  by  the  gastric  juice. 

The  yolk  of  an  egg  contains  about  31  per  cent  of  fat. 
but  it  contains  also  a considerable  portion  of  nitrogenous 
substances  in  a highly  digestible  form. 

Eggs  get  lighter  by  being  kept,  because  some  of  the 
water  evaporates  through  the  shell,  and  air  passes 
through  the  shell  and  takes  its  place.  This  air  that 
passes  into  the  egg  facilitates  the  process  of  decomposi- 
tion that  goes  on  in  stale  eggs. 

A fresh  egg  is  heavier  than  a stale  one.  If  you 
dissolve  an  ounce  of  common  salt  in  ten  ounces  of  water 
and  place  in  the  fluid  an  egg,  if  it  be  fresh  it  will  sink, 
but  if  stale  it  will  float.  Sometimes  stale  eggs  will  get 
so  light  as  to  float  even  in  water. 

Eggs  may  be  preserved  in  various  ways  : one  of  the 
simplest  means  is  to  put  them  in  brine,  another  to 
smear  them  with  butter,  but  it  must  be  borne  in  mind 
that  they  very  readily  acquire  the  flavour  of  the  sub- 
stances in  which  they  are  kept. 

A fresh  egg  is  also  somewhat  translucent,  and  if  you 
look  through  an  egg  at  a candle  the  light  will  get  more 
and  more  faint  as  the  egg  gets  staler. 


LECTURE  XIV. 


foods  and  drinks — Continued. 

We  will  next  consider  the  flesh  of  animals.  We  may 
divide  animal  meats  somewhat  roughly  into  what  are 
called  red  and  white.  Red  meats  contain  the  greatest 
amount  of  nutriment  in  a highly  concentrated  form,  and 
have  a large  percentage  of  nitrogenous  substances. 
White  meats  are  more  watery,  give  more  gelatine,  con- 
tain a less  proportion  of  nitrogenous  substances,  and  as 
a rule  are  less  nutritious. 

Elesh  and  water  would  be  a sufficient  diet  to  sustain 
life  for  a long  time,  but  a very  large  quantity  of  flesh 
would  be  required  to  keep  up  the  animal  heat. 

With  red  meats  we  may  put  those  we  call  butchers’ 
meats,  most  kinds  of  game,  some  kinds  of  poultry,  ducks, 
geese,  wild-fowl,  and  one  fish — viz.,  salmon.  In  almost 
all  these  cases  the  animal  forms  best  meat  at  the  middle 
period  of  his  life.  When  young  the  meat  is  less  digest- 
ible, and  also  less  nutritious,  and  when  old  it  becomes 
hard  and  tough. 

When  animals  are  killed  it  is  the  practice  to  allow 
as  much  blood  to  run  out  of  them  as  can  be  got  out  of 
the  flesh,  and  you  will  remember  Moses  gave  particular 
instructions  to  the  people  for  whom  he  made  laws  that 
this  precaution  should  be  carried  out.  It  is  a very  wise 
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practice,  because  meat  will  keep  very  much  better  if  the 
blood  is  not  allowed  to  remain  in  it.  One  kind  of  meat 
which  used  to  be  very  much  prized  for  its  whiteness — 
viz.,  veal,  was  obtained  by  bleeding  the  calves  before 
they  were  killed,  which  made  the  meat  whiter  than  it 
could  be  obtained  in  any  other  way  ; but  this  practice 
has  now  quite  rightly  been  made  illegal. 

The  characteristics  of  good  butchers’  meat  are  these  : 
it  should  not  be  too  pale,  nor  too  dark  ; if  very  dark  it 
is  probably  the  flesh  of  an  animal  that  has  died,  and  not 
been  deliberately  killed.  In  the  next  place,  it  should  be 
elastic  to  the  touch,  so  that  when  the  finger  is  pressed 
into  it  the  flesh  should  rebound.  Further,  it  should  pre- 
sent a marbled  appearance  caused  by  the  fine  lines  of 
fat  between  the  muscular  tissue,  and  it  should  not  be  too 
moist,  especially  after  hanging,  and  should  contain  no 
trace  of  parasitic  disease. 

The  meat  of  an  animal  that  has  died  is  not  allowed 
to  be  sold  for  food,  and  quite  rightly,  though  it  does  not 
follow  that  it  is  necessarily  bad  to  eat,  but  it  is  meat 
that  readily  decomposes  through  the  blood  having  been 
left  in  it.  It  is  quite  true  that  when  properly  cooked, 
it  may  not  do  any  harm,  but  in  a large  number  of  in- 
stances such  meat  has  produced  evil  effects,  and  with 
regard  to  some  diseases  to  which  animals  are  subject 
very  serious  results  have  followed  the  use  of  such  meat 
as  food. 

We  must  make  an  exception  to  this  rule  in  the  case 
of  some  of  the  diseases  of  animals  which  are  very  widely 
spread,  as  a famine  might  be  caused  by  such  a stringent 
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precaution,  and  in  such  cases  as  the  rinderpest  and  even 
some  parasitic  diseases,  it  may  be  absolutely  necessary 
that  the  flesh  of  animals  affected  with  them  should  be 
used  as  food.  In  that  case  special  precautions  should  be 
taken,  such  as  that  the  meat  is  thoroughly  well  cooked 
before  it  is  eaten. 

Cooked  meat  is  more  digestible  than  raw  meat, 
though  by  bad  cooking  it  may  be  made  very  indigestible 
Meat  by  almost  all  kinds  of  cooking  loses  some  of  its 
nutritive  qualities,  by  roasting  less  than  in  any  other 
way,  because  what  is  lost  is  chiefly  water,  and  what  falls 
is  caught  and  kept.  In  roasting  meat,  in  order  to  keep 
as  much  nutritious  matter  as  possible  in  the  joint,  it 
should  be  put  before  a good  blazing  fire  in  order  to 
harden  the  outer  part,  which  forms  a kind  of  coating  ; 
if  put  before  a slow  fire  to  cook  gradually  the  goodness 
of  the  joint  is  allowed  to  escape. 

Meat  loses  from  25  to  30  per  cent  of  nutritious 
substances  in  boiling.  It  loses  a great  percentage  of 
mineral  salts,  and  also  soluble  nutritious  organic  sub- 
stances ; these  of  course  get  into  the  water,  and  so  it 
becomes  a consideration  whether  you  want  the  joint  of 
meat,  or  the  water  to  be  nutritious.  Hence  if  you  re- 
quire as  much  nutriment  as  possible  in  the  meat,  the 
proper  plan  is  to  put  as  large  a piece  as  possible  into 
boiling  water,  which  hardens  the  outside  by  coagulating 
the  albumen  and  forms  a kind  of  protecting  envelope 
against  the  solvent  action  of  the  water — and  if  you  want 
rich  broth  or  beef-tea,  the  best  plan  is  to  cut  the  meat 
up  into  small  pieces,  put  them  into  cold  water  and  boil 
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over  a slow  fire.  From  this  you  see  it  is  impossible  to 
have  a good  piece  of  meat  and  good  soup  from  the  same 
joint. 

Stewing  is  a hind  of  half-way  process  between  roast- 
ing and  boiling,  as  the  whole  of  the  nutritious  sub- 
stances are  saved  and  served  up  in  the  same  dish. 

Since  I have  mentioned  soup  and  broth,  I may  say 
that  the  practice  of  taking  soup  or  broth  before  dinner 
which  I have  seen  ridiculed  in  several  books,  is  certainly 
an  excellent  one  which  has  come  down  to  us  as  the  re- 
sult of  long  experience.  At  the  time  you  want  a heavy 
meal  you  are  in  need  of  nourishment,  and  the  soup  or 
broth  is  absorbed  directly  by  the  walls  of  the  stomach 
and  intestines,  and  gets  directly  into  the  blood,  and  at 
once  begins  to  nourish  the  wasted  tissues.  It  has  been 
stated  that  it  dilutes  the  gastric  juice,  but  that  is  a 
mistake,  because  when  it  is  first  put  into  the  stomach 
there  is  no  gastric  juice  to  dilute  : it  is  secreted  after- 
wards. 

Beef  is  generally  accepted  as  the  most  nutritious  of 
butchers’  meats,  and  certainly  it  has  the  greatest  propor- 
tion of  nutritious  substances  ; it  is,  however,  rather  less 
digestible  than  mutton,  and  therefore  the  latter  is  more 
suitable  for  persons  of  weak  digestion  and  for  invalids. 

There  have  been  a few  rare  instances  where  mutton 
was  not  tolerated  at  all,  and  in  one  instance  on  record 
evidently  acted  as  a poison. 

Pork  is  much  less  digestible,  apparently  from  the 
close  nature  of  its  fibres,  and  also  from  the  amount  of 
fat  that  is  with  it. 
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Veal  and  lamb  being  young  foods,  are  much  less 
digestible  than  beef  or  mutton. 

The  bones  of  animals  are  very  useful : they  contain 
a large  quantity  of  nutritious  substance;  gelatine  maybe 
prepared  from  them,  and  by  boiling  they  make  excellent 
soup. 

The  viscera  of  animals  are  often  eaten,  for  instance 
the  kidneys,  liver,  part  of  the  stomach  as  tripe,  aud  the 
sweetbread.  This  is  more  or  less  a matter  of  taste,  as, 
on  the  whole,  these  are  not  so  good  for  general  consump- 
tion as  the  muscular  parts  of  animals,  and  they  are  more 
liable  to  contain  parasites. 

Of  game,  venison  is  exceedingly  digestible,  but  it  is 
rather  too  rich,  and  is  unsuitable  on  that  account  for 
invalids. 

The  flesh  of  wild  fowl  as  a general  rule  is  difficult  of 
digestion,  and  the  same  may  be  said  of  ducks  and  geese, 
and  in  some  instances,  as  in  the  case  of  wild  duck,  it  is  so 
difficult  of  digestion  that  we  are  in  the  habit  of  taking 
cayenne  pepper  with  it,  in  order  to  stimulate  the  action 
of  the  gastric  juice  and  enable  the  stomach  to  digest  it. 

Pheasants,  partridges,  and  grouse,  which  are  included 
under  red  meats,  are  very  digestible.  Salmon  flesh,  how- 
ever, although  nearly  as  nutritious  as  mutton  or  beef,  is 
not  quite  so  digestible. 

We  will  now  pass  on  to  the  white  meats,  under  which 
are  included  ordinary  poultry,  turkeys,  fish,  shell-fish,  etc. 
The  flesh  of  the  birds  yielding  white  meat  is  easily 
digested,  and,  although  very  nutritious,  the  nutriment 
is  not  so  concentrated  as  in  the  case  of  red  meats. 
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Fish  forms  a light  and  digestible  food  for  invalids  ; 
but  there  are  some  exceptions,  for  instance  the  flesh  of 
cod  and  sturgeon  is  not  very  digestible.  Fish  require 
to  be  eaten  very  fresh,  and  although  the  practice  of 
crimping,  which  is  very  generally  carried  out  with  cer- 
tain kinds  of  fish,  renders  them  more  digestible  and 
more  palatable,  it  ought  not  to  be  done  until  after  the 
fish  have  been  killed  ; sometimes  they  crimp  them 
while  they  are  alive.  The  flesh  of  fish  contains  gener- 
ally very  little  fat,  but  some  contain  a considerable 
quantity,  and  in  consequence  are  less  digestible  ; the 
liver  of  the  cod  contains  a great  deal,  and  from  this 
cod-liver  oil  is  obtained. 

The  flesh  of  the  herring,  the  eel,  and  the  mackerel, 
contains  fat  in  the  muscular  substance,  and  consequently 
the  flesh  of  these  fishes  is  rich  and  difficult  of  digestion. 

The  quality  of  the  flesh  of  fish  varies  very  much, 
according  to  the  place  they  come  from.  You  can  all 
understand  that  fish  which  have  lived  in  muddy  water 
are  not  likely  to  taste  as  well  as  those  that  have  lived 
in  clear  running  streams. 

Then  among  white  meats  I must  mention  what  are 
called  shell-fish.  There  are  certain  crustaceans  we  use, 
such  as  crabs,  lobsters,  shrimps,  etc. ; these  are  an  indi- 
gestible form  of  food.  Then  we  pass  to  molluscs  which 
form  an  important  article  of  food,  especially  to  certain 
classes  of  the  community,  and  the  flesh  of  many  of 
them  is  very  digestible,  for  instance  the  oyster,  an  ex- 
tremely nutritious  food;  and  in  this  particular  case  the 
flesh  is  more  readily  digested  when  raw  than  when 
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cooked,  as  in  the  latter  case  it  becomes  much  tougher. 
Some  persons  suffer  in  one  way  or  another  after  eating 
the  flesh  of  some  of  these  creatures,  especially  after  eat- 
ing  mussels,  which,  for  some  unaccountable  reason,  take 
a poisonous  character,  and  certain  instances  have 
occurred  of  serious  illness  following  their  consump- 
tion. 

These  are  not  by  any  means  the  only  kinds  of  white 
meats  that  are  eaten,  as  there  are  locusts,  and  animals 
higher  in  the  scale  not  mentioned  before  because  but 
seldom  used,  for  instance  frogs,  and  among  the  reptiles 
turtles  and  snakes,  and  almost  all  these  afford  extremely 
digestibje  forms  of  food. 

There  are  several  processes  in  use  for  the  preserva- 
tion of  meat.  The  decomposition  of  meat  occurs  in  the 
presence  of  air  and  water,  and  at  a certain  temperature, 
and  the  processes  of  preservation  for  the  most  part 
depend  upon  the  exclusion  of  air  and  of  the  substances 
that  air  contains,  or  upon  lowering  the  temperature,  or 
upon  drying. 

Large  quantities  of  meat  are  preserved  by  the  exclu- 
sion of  air.  The  meat  we  get  from  Australia  is  prepared 
by  putting  it  in  a certain  quantity  of  water  in  tins,  and 
then  subjecting  it  to  a temperature  above  the  boiling 
point  of  water,  and  sealing  up  the  contents  while  the 
steam  is  escaping.  In  this  way  air  is  driven  out,  and 
the  meat  can  be  preserved  for  a very  considerable  time. 

Meat  may  be  preserved  by  drying  it,  and  large  quan- 
tities of  fish  are  preserved  in  this  way. 

In  Siberia  a mammoth  was  found  in  ice,  with  the 
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flesh  quite  fresh  and  the  skin  on  it,  and  it  was  eaten  by 
dogs.  It  had  been  preserved  in  the  ice  of  these  frozen 
regions  for  probably  thousands  of  years. 

So  it  is  quite  clear  that  flesh  can  be  preserved  for 
almost  any  length  of  time  by  cooling  it  sufficiently,  and 
now  that  this  difficulty  has  been  solved  we  shall  get 
large  quantities  of  meat  from  America  and  other  coun- 
tries, and  it  is  to  be  hoped  that  we  shall  in  this  way 
gradually  reduce  the  price  of  butchers’  meat. 

Meat  may  also  be  preserved  by  being  kept  in  solu- 
tions of  substances  like  salt.  The  great  disadvantage 
of  that  is  that  the  brine  dissolves  out  a large  proportion 
of  the  nutritious  substance  of  the  meat ; it  becomes 
hardened  and  much  less  digestible  than  before,  and  when 
used  as  daily  food  is  believed  to  be  one  of  the  causes 
of  scurvy. 

Then,  meats  have  been  concentrated  so  as  to  be 
carried  about  in  a small  form,  most  notably  Baron 
Liebig’s  extract  of  meat.  This,  it  has  been  shown,  does 
not  contain  the  nutritious  substances  of  the  meat,  and 
these  extracts  are  more  suitable  for  addition  to  soups  as 
a flavouring  material.  The  preparation  sold  under  the 
name  of  fluid  meat,  prepared  by  a process  precisely  simi- 
lar to  the  process  of  digestion  in  the  stomach,  does  cer- 
tainly contain,  in  a concentrated  form,  a large  propor- 
tion of  the  nutritious  substances  of  the  meat. 

The  attempt  has  been  made  to  preserve  milk  by 
evaporating  off  a considerable  portion  of  the  water  and 
adding  sugar,  and  then  sealing  up  in  tins  ; and  in  this 
way  milk  is  preserved  in  Switzerland  and  sold  here  as 
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condensed  milk.  It  does  very  well  for  mixing  with  tea 
and  coffee,  and  is  better  than  most  foods  for  children, 
although  they  do  not  thrive  as  well  upon  it  as  upon 
fresh  milk. 

I will  now  mention  the  important  preparations  we 
make  from  milk.  Butter,  which  you  know  is  made  from 
the  cream  of  milk,  consists  almost  entirely  of  the  fat. 
Fresh  butter  contains  from  10  to  15  per  cent  of  water, 
and  the  remainder  is  fat,  with  the  exception  of  a small 
quantity  of  caseine — viz.,  3 to  5 per  cent,  and  salt  is 
sometimes  added,  when,  of  course,  we  have  salt  butter. 
Butter  keeps  better  the  less  curd  there  is  in  it,  as  the 
greater  the  quantity  of  curd  the  quicker  decomposition 
sets  in.  Salt  butter  may  be  kept  much  longer  than 
fresh,  but  fresh  butter  may  be  kept  for  a long  time  if 
placed  under  water,  which  is  frequently  changed,  and 
if  a small  quantity  of  tartaric  acid  be  added  the  pre- 
servation is  much  more  complete. 

Cheese  varies  very  much  according  to  the  amount 
of  cream  that  is  left  in  the  milk  from  which  it  is  made. 
For  the  richest  cheeses  cream  is  even  added  to  the  milk ; 
for  second-class  cheeses  new  milk  is  used ; and  cheeses 
like  double  Gloucester  contain  all  the  fat  and  curd  of 
the  milk.  For  the  poorer  cheeses,  which  are  not  so 
digestible,  as  they  offer  greater  resistance  to  the  gastric 
juice,  and  some  of  them  have  to  be  grated  to  be  eaten 
at  all,  skim  milk  is  used  ; these  keep  much  more 
readily  than  the  richer  cheeses,  which  more  easily  de- 
compose. 

Cheese  is  an  exceedingly  nutritious  article  of  food, 
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and  it  forms  a very  important  addition  to  the  food  of 
large  classes  of  the  community. 

It  is  not  a good  plan  to  eat  much  of  a cheese 
that  has  been  allowed  to  reach  an  advanced  stage  of  de- 
composition, as  poisonous  effects  have  resulted  from  eat- 
ing cheese  in  that  state. 

Let  us  now  turn  to  vegetable  foods.  The  most  im- 
portant of  these  I have  to  speak  about  are  the  cereals, 
the  grains  of  which  contain  substances  of  great  nutritive 
value;  they  contain,  in  the  first  place,  several  nitro- 
genous substances,  one  of  which  goes  by  the  name  of 
gluten  ; they  also  contain  a large  proportion  of  starch, 
some  fat,  and  some  very  important  mineral  salts,  espe- 
cially phosphates. 

The  first  and  most  important  cereal  is  wheat,  which 
stands  in  an  average  position  among  grains  as  regards 
the  amount  of  starch  it  contains  ; it  contains  less  than 
some,  but  more  than  others,  and  a considerable  quantity 
of  gluten.  Barley  is  frequently  used  for  making  bread, 
and  is  especially  used  for  making  malt  for  brewing,  and 
also  for  making  the  preparation  known  as  pearl  barley. 

Oats  are  still  more  hardy  than  barley,  and  are  an  ex- 
ceedingly nutritious  food  ; they  contain  much  fat  and  a 
quantity  of  nitrogenous  matter,  but  no  gluten,  and  so 
cannot  be  used  for  making  bread,  but  their  highly  nu- 
tritious nature  makes  them  a very  important  food  for 
the  inhabitants  of  certain  countries. 

Bye  thrives  on  dry,  poor,  sandy  soils  in  the  north  of 
Germany,  and  is  also  a very  nutritious  form  of  food  ; 
but  from  eating  diseased  rye  certain  diseases  have  been 
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known  to  arise  ancl  spread  among  human  beings,  espe- 
cially the  disease  which  goes  by  the  name  of  ergotism. 

Maize,  a cereal  especially  cultivated  in  the  New 
World,  hut  now  grown  in  most  parts  of  southern  Europe, 
in  Africa,  and  southern  Asia,  contains  more  fatty 
matter  than  any  other  cereal,  and  is  exceedingly  valu- 
able because  of  the  enormous  yield  that  it  gives.  But 
this  and  rice  have,  unfortunately,  to  be  cultivated  in  very 
wet  ground,  and  rice  is  usually  grown  in  positive 
swamps. 

Rice  is  the  poorest  of  all  cereals  ; it  contains  less 
nitrogenous  substance,  and  but  little  of  the  mineral 
salts  ; it  is  'commonly  stated  to  be  the  staple  food 
of  millions  of  people,  but,  being  so  poor,  it  requires  to 
be  mixed  with  other  things,  as  milk,  cheese,  etc. 

Several  of  these  grains,  notably  wheat,  are  subjected 
to  certain  processes  for  the  preparation  of  bread  ; such  of 
them  as  contain  gluten,  are  capable,  when  ground  up 
into  flour  and  mixed  with  water,  of  forming  a mass 
that  will  stick  together,  and  can  then  be  made  into 
bread. 

For  this,  either  the  whole  grain  may  be  used  or. 
part.  The  outer  part  of  the  grain  contains  much 
nitrogenous  matter,  and  a large  proportion  of  salts  ; 
the  inner  part  contains  almost  all  the  starch  and  some 
nitrogenous  matter,  more  especially  gluten  ; so  you  can 
see  if  the  grain  alone  is  ground  up  we  lose  the  nitro- 
genous matter  and  the  salts  of  the  outer  part,  and  for 
that  reason  Baron  Liebig  said  that  bread  should  be  made 
from  the  whole  grain,  not  from  the  white  part  alone, 
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which  consists  for  the  most  part  of  starch.  He,  how- 
ever, did  not  take  the  whole  matter  into  consideration, 
because,  in  the  first  place,  if  we  do  not  live  on  bread 
alone  we  may  certainly  choose  whether  we  will  eat 
white  bread,  or  whether  we  will  have  brown  bread  ; 
and,  in  the  second  place,  it  is  perfectly  certain  that 
bread  made  out  of  the  inner  part  of  the  grain  is  far 
more  digestible  than  that  made  from  the  whole  grain. 
Brown  bread,  which  formerly  was  eaten  by  poor  people, 
was  found  in  the  end  to  be  more  expensive,  because  it  is 
not  so  digestible,  and  therefore  is  now  usually  eaten  by 
the  rich  rather  as  a luxury.  Brown  bread  is  taken  on 
account  of  the  mechanical  action  it  exerts  on  the  1 ini  nor 
membrane  of  the  stomach  and  intestines ; it  slightly 
irritates  the  mucous  membranes,  and  causes  them  to 
secrete  their  juices  more  freely. 

Hew  bread  is  much  less  digestible  than  that  which 
has  been  kept  a short  time,  because,  when  new,  it  forms 
a sticky  mass  in  the  mouth,  with  which  the  saliva  is 
not  readily  mixed,  and  so  the  action  of  the  saliva  upon 
the  starch  takes  place  only  to  a comparatively  small 
extent,  and  the  starch  does  not  get  properly  digested. 

Toast  and  rusks  are  very  easily  digested ; as  they 
are  brittle  and  easily  broken  up  in  the  mouth,  they 
readily  mix  up  with  the  saliva  and  get  aerated,  forming 
a mass  easily  digested. 

Muffins,  crumpets,  pastry,  and  bread  insufficiently 
baked,  are  very  indigestible,  from  their  doughy  nature, 
so  much  so  that  some  of  them  go  by  the  name  of  “ sud- 
den deaths.” 

s 
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Bread  is  aerated  by  one  of  three  methods,  either  by 
yeast  added  to  the  dough  to  set  up  fermentation,  or  by 
carbonate  of  soda  and  some  acid,  such  as  tartaric  or 
citric  acid.  It  is  advisable  not  to  use  hydrochloric  acid, 
because  it  generally  contains  arsenic,  and  in  some  in- 
stances bread  prepared  in  this  way  has  actually  caused 
symptoms  of  poisoning.  The  third  method  is  that  of 
forcing  carbonic  acid  gas  into  it,  and  this  forms  a very 
light  kind  of  bread,  known  as  aerated  bread,  which, 
however,  compared  with  that  lightened  by  fermentation, 
is  generally  considered  to  be  somewhat  tasteless. 

We  use  other  vegetables  for  various  reasons — some 
for  starch,  especially  potatoes,  yams,  artichokes,  but 
most  for  salts  of  certain  vegetable  acids,  such  as  the 
malic,  citric,  tartaric,  etc. 

It  has  been  shown  that  persons  who  live  on  foods 
that  do  not  contain  green  vegetables  suffer  from  scurvy, 
and  one  of  the.  most  important  causes  of  scurvy  is  the 
absence  of  these  salts  of  vegetable  acids,  and  they  are 
often  supplied,  when  vegetables  cannot  be  obtained,  by 
lime-juice. 

Just  a few  words  about  some  substances  that  we 
take  as  drinks. 

In  the  first  place,  alcoholic  drinks.  In  the  last 
lecture  I spoke  about  the  influence  of  alcohol  upon  the 
system.  I told  you  that  it  was  oxidised  in  the  system, 
and  that  very  little  was  excreted,  but  it  did  not  follow 
from  that  that  it  was  useful  as  a food  or  contributed  to 
animal  heat,  because  I think  the  balance  of  evidence 
shows  that  alcohol,  so  far  from  raising  the  animal  heat, 


FOODS  AND  DRINKS. 


259 


actually  diminishes  it,  by  retarding  the  oxidisation  of 
other  substances. 

Strong  spirits  contain  large  percentages  of  alcohol — 
nearly  50  per  cent,  and  sometimes  more  than  that. 

Alcohol  acts  as  a powerful  narcotic,  and  strong  al- 
coholic drinks  act  in  the  same  way,  but  in  a more  dele- 
terious manner,  by  reason  of  certain  powerful  essential 
oils  that  they  contain. 

It  has  been  clearly  shown  by  Dr.  Parkes  and  others 
that  the  drinking  of  strong  alcoholic  liquors  does  not 
enable  men  to  do  more  bodily  work  than  they  would  do 
if  they  did  not  take  them  ; but,  on  the  contrary,  that 
persons  who  use  them  cannot  do  anything  like  the 
same  amount  of  work,  in  the  same  time,  without  getting 
extremely  fatigued. 

The  use  of  spirits  does  not  enable  persons  to  with- 
stand cold ; this  is  the  experience  of  all  travellers  in 
cold  countries:  neither  does  it  enable  them  to  with- 
stand heat,  but,  on  the  contrary,  they  cannot  resist  a 
hot  climate  as  effectually  as  those  who  eschew  spiritu- 
ous liquors.  We  can  readily  understand  this  when  we 
consider  that  the  use  of  strong  liquors  produces  diseases 
which  are  common  in  hot  climates — viz.,  derangements 
of  the  liver. 

Indigestion  is  often  caused.  Spirits  act  upon  the  lin- 
ing membrane  of  the  stomach,  and  cause  sub-acute  in- 
flammation, which  sometimes  goes  on  to  such  an  extent 
that  occasionally,  after  a strong  dose  of  perhaps  not 
very  good  spirits,  all  the  symptoms  of  acute  poisoning, 
followed  by  death,  are  produced. 
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On  more  than  one  occasion  I have  had  the  stomachs 
of  persons  who  have  died  from  drinking  a strong  dose 
of  spirits,  sent  to  me  for  examination  for  arsenic  or 
antimony. 

After  indigestion,  liver  disease  is  produced.  The 
alcohol  is  absorbed  by  the  capillaries  of  the  stomach 
and  intestines,  and  conveyed  by  the  portal  system 
through  the  liver,  causing  profound  alterations  there, 
and  an  increase  of  the  fibrous  structure,  which  presses 
upon  the  proper  liver  structure,  and  prevents  the  liver 
from  performing  its  functions  in  a healthy  way,  im- 
pedes the  passage  of  the  portal  blood,  causes  dropsy, 
and  ultimately  death  in  one  way  or  another. 

These  results  are  brought  about  all  the  more  surely, 
because  spirits  are  almost  always  drunk  without  food  ; 
and  whatever  one  has  to  say  about  drinking  other 
alcoholic  liquors,  it  would  be  an  excellent  thing  if  the 
sale  of  spirits  for  drinking  were  prohibited.  Alcohol 
is  very  diffusible,  gets  readily  into  the  blood,  circulates 
through  the  system,  and  produces  degeneration  of  the 
tissues  of  almost  all  the  organs  of  the  body,  including 
the  nervous  system,  and  produces  also  effects  well 
known  to  you  all  in  the  shape  of  intoxication,  with  the 
crimes  which  result  from  it.  To  sum  up  about  spirits, 
Dr.  Parkes  says  : — “ If  spirits  neither  give  strength 
to  the  body,  nor  sustain  it  against  disease — are  not 
protective  against  cold  and  wet,  and  aggravate  rather 
than  mitigate  the  effects  of  heat — if  their  use  even  in 
moderation  increase  crime,  injure  discipline,  and  impair 
hope  and  cheerfulness — if  the  severest  trials  of  war  have 
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been  not  merely  borne,  but  most  easily  borne,  without 
them — if  there  is  no  evidence  that  they  are  protective 
against  malaria,  or  other  diseases — then  I conceive  the 
medical  officer  will  not  be  justified  in  sanctioning  their 
issue  under  any  circumstances.” 

With  regard  to  other  alcoholic  liquors  containing 
smaller  percentages  of  alcohol,  some  of  them  contain  as 
much  as  15  or  16  per  cent.  They  all  contain  considerable 
percentages  of  other  substances.  Some  of  them,  indeed, 
contain  so  small  a percentage  of  alcohol,  that  we  must 
not  be  in  too  great  a hurry  to  condemn  the  use  of  all 
alcoholic  liquors  without  inquiring  into  their  action. 

The  use  of  strong  wines  and  beers  has  a tendency  to 
produce  the  disease  called  gout,  and  more  especially  so 
when  taken  in  conjunction  with  highly  nitrogenous 
foods. 

With  regard  to  light  wines  and  beers,  I do  not  know 
that  I can  do  better  than  read  to  you  what  Dr.  Parkes 
says  on  the  subject.  Dr.  Parkes  was  a man  fully 
acquainted  with  this,  and  indeed  with  all  subjects 
connected  with  hygiene,  and  himself  practised  total 
abstinence. 

The  facts  now  stated  make  it  difficult  to  avoid  the 
conclusion  that  the  dietetic  value  of  alcohol  has  been 
much  overrated.  It  does  not  appear  to  me  possible  at 
present  to  condemn  alcohol  altogether  as  an  article  of  diet 
in  health ; or  to  prove  that  it  is  invariably  hurtful,  as 
some  have  attempted  to  do.  It  produces  effects  which  are 
often  useful  in  disease  and  sometimes  desirable  in  health, 
but  in  health  it  is  certainly  not  a necessity,  and  many 
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persons  are  much  better  without  it.  As  now  used  by 
mankind,  it  is  infinitely  more  powerful  for  evil  than  for 
good  ; and  though  it  can  hardly  be  imagined  that  its 
dietetic  use  will  cease  in  our  time,  yet  a clearer  view  of 
its  effects  must  surely  lead  to  a lessening  of  the  ex- 
cessive use  which  now  prevails.  As  a matter  of  public 
health,  it  is  most  important  that  the  medical  profession 
should  throw  its  great  influence  into  the  scale  of  mode- 
ration ; should  explain  the  limit  of  the  useful  power, 
and  show  how  easily  the  line  is  passed  which  carries  us 
from  the  region  of  safety  into  danger,  when  alcohol  is 
taken  as  a common  article  of  food.” 

Coffee  and  tea  contain  one  and  the  same  essential 
principle,  which  goes  by  the  names  of  theine  or  caffeine, 
according  as  it  is  prepared  from  tea  or  from  coffee. 

It  is  a very  extraordinary  thing  that  in  several  parts 
of  the  world  the  natives  should  have  taken  parts  of 
different  plants  to  produce  beverages,  and  that  the  leaves 
of  the  tea  in  China,  the  berry  of  the  coffee  in  Arabia,  the 
leaves  of  the  Paraguay  tea  plant,  and  some  others,  should 
all  contain  the  same  essential  principle.  This  fact  alone 
shows  us  that  the  principle  contained  in  all  these  sub- 
stances must  be  of  some  importance  and  of  some  use, 
although  it  may  not  be,  and  certainly  is  not,  a very 
important  element  in  actual  nutrition. 

This  principle  itself  is  a poisonous  substance,  but 
when  taken  in  the  moderate  quantities  in  which  it  is 
usually  taken,  it  acts  as  a stimulant  to  the  nervous 
, system  without  the  exciting  and  depressing  effects 
which  follow  the  drinking  of  alcoholic  stimulants. 
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It  is  of  especial  advantage  as  a stimulant  to  the 
nervous  system  after  fatigue,  whether  mental  or  bodily, 
and  it  is  this  particular  property  of  it  that  makes  it 
especially  valuable. 

The  theine  very  readily  dissolves  in  boiling  water, 
and  so  it  is  necessary  to  prepare  tea  with  water  that  is 
boiling.  It  is  not,  however,  advantageous  to  let  the 
hot  water  stand  with  the  tea-leaves  too  long,  because  if 
it  does  it  extracts  tannin  and  colouring  matter,  and 
other  things,  from  the  tea.  One  caution,  and  that  is, 
that  tea  causes  a very  large  amount  of  indigestion.  It 
does  not,  however,  cause  a tenth  part  of  that  which 
alcohol  causes,  especially  among  the  poor  classes  of  the 
community.  This  arises,  to  a large  extent,  from  its  being 
drunk  too  hot.  Our  stomachs  were  not  made  to  hold 
boiling  water,  and  if  people  will  drink  hot  water  they 
may  be  sure  that  they  will  suffer  from  indigestion. 
Strong  tea  and  coffee  should  not  be  drunk  with  meals, 
because  of  their  astringent  qualities,  or,  at  any  rate, 
only  as  flavouring  materials  to  milk  ; and  the  practice 
of  drinking  a small  quantity  of  coffee,  with  plenty  of 
milk,  for  breakfast,  is  a very  good  one. 

Coffee  is  often  mixed  with  chicory,  but  if  you  wish 
to  drink  coffee  alone,  you  can  buy  the  berries  and  grind 
them  yourself.  In  Trance  they  buy  the  berries  and 
roast  them  themselves  ; but  in  England  you  can  buy 
roasted  berries,  and  by  grinding  the  berries  yourself  you 
get  a much  better  coffee,  as  some  of  the  essential  oils 
evaporate  after  the  coffee  has  been  ground  for  any  time. 

If  you  buy  ground  coffee  you  can  tell  whether  it 
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contains  chicory  by  putting  it  in  a tumbler  of  water, 
when  the  coffee  will  float  for  some  time,  hut  the  chicory 
sinks  almost  directly,  and  discolours  the  water  much 
more  than  coffee  does. 

Cocoa  contains  a large  quantity  of  fat,  and  also  a 
considerable  proportion  of  nitrogenous  substance  ; it  is , 
therefore  much  more  nutritious  as  an  article  of  food 
than  coffee  or  tea.  Its  essential  principle  is  closely 
allied  to  that  found  in  tea  and  coffee. 


LECTUEE  XY. 


DRINKING  WATER. 

Water  is  one  of  the  most  important  of  our  foods,  it  is 
a necessity  of  life  to  us.  Our  bodies  contain  about  two- 
thirds  of  their  weight  of  water,  and  the  blood  contains  79 
per  cent  of  it.  Water  is  continually  being  separated 
from  the  blood,  and  got  rid  of  by  the  excretory  organs, 
and  has  to  be  replaced.  If  an  individual  is  kept  with- 
out water  he  soon  becomes  reduced  to  a state  of  mus- 
cular debility,  with  the  greatest  possible  prostration,  the 
excretory  organs  begin  to  lose  their  power,  and  he  ulti- 
mately dies  in  extreme  pain. 

The  next  thing  to  the  use  of  water  as  a food  is  its 
use  for  cooking  and  washing' — the  domestic  uses  of 
water.  It  is  found  that  if  a water  supply  is  deficient 
in  quantity  many  evils  ensue.  Eood  is  cooked  with 
the  same  water  twice ; people  do  not  wash  themselves 
as  much  as  they  should,  or  in  the  same  water  twice, 
the  action  of  the  skin  is  impaired,  the  other  excretory 
organs  overworked,  and  so  a state  of  body  is  produced  in 
which  people  are  very  liable  to  diseases  of  various  kinds. 

Besides  this,  water  is  used  for  a variety  of  public 
purposes : for  cleansing  the  streets,  flushing  the  sewers, 
etc.,  and  the  absence  of  water  for  these  uses  in  a town 
makes  the  spread  of  disease  much  more  easy. 
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Professor  Pankine  laid  down  a rule  that  thirty-five 
gallons  was  the  greatest  amount  necessary  per  head  per 
day,  hut  that  thirty  gallons  was  to  he  considered  a suf- 
ficient supply.  Many  towns  have  not  anything  like 
this  amount,  hut  vary  from  six  gallons  upwards. 

In  ancient  times  and  in  some  modern  cities  a very 
much  larger  supply  was  and  is  considered  necessary. 
The  supply  of  ancient  Eome  is  calculated  at  300  gallons 
per  head.  The  ancient  Eomans  attached  extreme  im- 
portance to  having  sufficient  water  always  at  hand.  In 
all  Eoman  camps  in  this  country,  if  you  search  you  will 
find  that  they  never  pitched  a camp  for  military  pur- 
poses, except  in  a place  where  they  could  get  water 
either  close  by  or  within  the  camp,  and  almost  always 
within  the  camp. 

A very  remarkable  example  occurred  to  me  a short 
time  ago.  A friend  of  mine  took  me  up  to  see  a Eoman 
camp  at  the  top  of  a sandstone  hill.  It  puzzled  us  to 
think  how  the  Eomans  ever  got  water  at  the  top  of  that 
porous  hill.  We  were,  however,  strolling  about,  when 
suddenly  I saw  half-a-dozen  rushes,  and  that  was  quite 
enough  to  show  that  there  was  water.  A pocket  of  clay 
was  there  which  prevented  the  water  from  going  down 
farther,  and,  no  doubt,  there  was  a well  at  that  spot  to 
supply  the  camp. 

We  require  water  of  a certain  quality  for  drinking 
purposes,  but  we  do  not  require  it  of  the  same  quality 
for  the  other  uses. 

We  might,  if  it  were  convenient,  have  two  supplies, 
one  for  drinking  and  another  for  washing  the  streets, 
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flushing  the  sewers,  for  baths,  and  so  on.  If  not,  all  the 
water  supplied  must  be  fit  to  drink. 

In  the  first  place  water  for  drinking  should  be  clear, 
it  should  be  transparent  and  colourless,  it  should  con- 
tain no  suspended  matters  in  it,  and  deposit  no  sediment 
on  standing.  It  should  be  aerated,  and  it  should  be 
fresh  to  the  taste,  neither  salt  nor  sweet,  and  should 
have  no  smell.  How,  if  a water  does  not  conform  to  all 
these  characteristics,  it  may  be  said  to  be  water  not  fit 
for  drinking  purposes,  but  it  may,  on  the  other  hand, 
conform  to  them  all  and  yet  not  be  fit  for  drinking,  for 
many  waters  in  wells  are  highly  aerated,  very  sparkling 
and  clear,  but  are  totally  unfit  to  drink,  and  that  is  be- 
cause water  may  contain  matters  in  solution,  and,  prac- 
tically speaking,  it  always  contains  matters  in  solution 
of  one  kind  or  another.  It  may,  in  the  first  place,  con- 
tain mineral  salts  in  solution  to  a very  considerable 
extent,  sometimes  to  such  an  extent  as  to  form  petrify- 
ing streams  or  springs. 

Water  contains  most  frequently  salts  of  lime,  and  the 
salt  which  is  most  common  and  found  in  the  greatest 
quantities  is  carbonate  of  lime.  This  carbonate  of 
lime,  originally  in  the  form  of  chalk  or  limestone,  is 
dissolved  in  the  water  by  means  of  carbonic  acid, 
which  is  derived,  in  the  case  of  rain  water,  from  the 
air  through  which  the  rain  passes.  The  other  salts 
found  are  sulphate  and  nitrate  of  lime,  chloride  of  cal- 
cium, chloride  of  sodium  or  common  salt,  and  others  in 
smaller  quantities,  such  as  salts  of  magnesia  and  salts 
of  iron. 
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From  the  presence  of  these  mineral  salts,  either  in 
large  or  small  quantities,  waters  are  divided  into  two 
classes — viz.,  hard  and  soft.  Water  that  contains  a 
large  quantity  of  mineral  salts  is  hard,  and  water  that 
contains  a small  quantity  soft. 

Besides  mineral  salts,  water  may  contain  in  solution, 
as  well  as  in  suspension,  organic  matters,  and  among 
the  matters  it  contains  in  suspension  there  may  he  live 
creatures,  plants  and  animals. 

What  is  the  effect  upon  health  of  drinking  water 
containing  these  various  substances  ? In  the  first  place, 
waters  containing  suspended  matters  are  not  wholesome 
waters  to  drink.  They  are  liable  to  derange  the  diges- 
tive organs.  That  is  the  case  whether  they  contain 
suspended  mineral  matters,  or  whether  they  contain 
animal  or  vegetable  matters. 

Waters  containing  a large  quantity  of  mineral  salts 
have  been  said  to  aid  in  the  production  of  calculous 
disorders,  but  with  regard  to  waters  containing  moderate 
quantities  of  mineral  salts,  the  evidence  goes  to  show 
that  they  are  not  deleterious  to  health.  It  is  found 
that  the  death-rate  in  towns  supplied  with  moderately 
hard  water,  does  not  materially  differ  from  the  death- 
rate  in  a series  of  towns  supplied  with  soft  water.  It 
appears,  roughly  speaking,  that  there  is  no  great  harm 
in  drinking  moderately  hard  water,  if  the  hardness  in 
the  water  is  due  to  carbonate  of  lime,  but  if  the  hard- 
ness is  due  to  magnesian  salts,  or  other  salts  of  lime 
than  the  carbonate,  then  it  is  liable  to  be  deleterious, 
especially  to  people  who  are  not  accustomed  to  drink 
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that  particular  kind  of  water.  And  when  persons  go 
into  a country  where  the  water  contains  sulphate  of 
lime,  as  when  the  water  comes  from  rocks  in  which 
sulphate  of  lime  is  abundant,  for  instance  around  Paris, 
then  they  suffer  from  derangements  of  the  digestive 
apparatus.  Water  containing  magnesian  salts  has  a 
special  effect  which  I shall  mention  shortly. 

But  another  point  of  view,  and  an  important  one, 
which  makes  the  consideration  of  the  hardness  of  the 
water  of  some  moment,  is  that  you  cannot  make  good 
tea  with  hard  water.  You  can  make  very  much  better 
tea,  and  very  much  easier,  with  soft  water  than  with 
hard.  Then  there  is  another  important  consideration, 
and  that  is  that  with  hard  water  an  immense  amount 
of  soap  is  wasted,  and  the  soap  wasted  by  the  use  of 
hard  waters  in  England  is  certainly  worth  hundreds 
of  thousands  of  pounds  sterling  in  a year.  That  hap- 
pens in  this  way.  Soap  is  a compound  of  certain  fatty 
acids  with  soda  or  with  potash,  and  it  has  the  property 
of  making  a lather  with  water,  and  we  are  able  to  clean 
ourselves  much  better  with  soap  and  water  than  with 
water  alone.  Now,  if  I take  distilled  water,  containing 
no  mineral  matters  at  all,  and  drop  into  it  one  measure 
of  a solution  of  soap  of  a certain  strength,  it  produces 
at  once  a permanent  lather,  so  that  this  distilled  water 
takes  simply  one  measure  to  produce  a permanent 
lather,  and  a small  quantity  of  soap  is  therefore  all  that 
is  required.  But  if  I take  water  containing  mineral 
salts,  those  mineral  salts  will  decompose  the  soap,  and 
the  lime,  magnesia,  iron,  etc.,  will  combine  with  the 
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fatty  acids  and  form  an  insoluble  mass  which  will  not 
lather  with  water,  and  so  I have  to  go  on  putting  soap 
into  this  water  until  all  the  mineral  salts  have  decom- 
posed all  the  soap  they  can,  and  after  that  the  water 
will  lather,  and,  in  this  instance,  you  see  that  seventeen 
times  the  amount  of  soap  is  required  to  produce  this 
result  with  the  same  amount  of  water,  and  even  now  it 
is  scarcely  a permanent  lather. 

The  organic  matters  that  water  contains  in  suspen- 
sion and  solution  are  of  much  greater  importance  than 
these  mineral  salts.  It  has  been  known  for  a very  long 
time  that  the  water  of  marshes,  when  drunk,  produces 
intermittent  fever,  and  that  the  ague  of  marshy  countries 
is  partly  caused  by  drinking  the  water  of  the  marshes. 

Hippocrates  himself,  the  father  of  medicine,  points 
out  that  persons  living  in  marshy  countries  are  liable  to 
have  large  spleens,  which  is  one  of  the  results  of  inter- 
mittent fever.  I can  give  you  a very  remarkable  instance 
of  this.  Three  ships  started  from  a place  called  Bona 
in  Algeria,  having  800  soldiers  on  board — one  ship  with 
120  men.  These  started  from  Bona  to  go  to  Marseilles. 
On  that  ship  13  men  died,  and  of  the  107  left,  98 
landed  at  Marseilles  with  intermittent  fever.  The  other 
two  ships  had  no  cases,  and  it  was  found  out  afterwards 
that  the  water  was  taken  for  that  ship  from  the  district 
round  Bona,  and  that  district  is  very  marshy  and  inter- 
mittent fevers  are  extremely  prevalent  there  to  this  day. 
It  was  still  further  found  out  that  the  sailors  on  board 
this  ship  did  not  suffer  at  all,  and  they  were  supplied 
with  water  which  the  ships  had  on  board  before.  It  is 
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quite  conclusive  that  those  soldiers  got  the  intermittent 
fever  from  the  marsh  water. 

Water  that  has  been  obtained  from  a marsh  contains 
a large  quantity  of  organic  matter  in  suspension  and 
solution,  and  it  is  to  this,  or  some  part  of  it,  that  the 
disease  is  attributed. 

In  1849  Dr.  Snow  drew  attention  to  the  fact  that 
cholera  was  spread  by  drinking  water  containing  the 
poison  of  the  disease  ; and  after  that,  in  1854,  the  cele- 
brated case  of  the  epidemic  of  cholera  in  and  about 
Broad  Street,  Westminster,  was  investigated,  and  the 
results  published  in  a report  which,  one  would  think, 
left  nothing  to  be  desired  for  logical  accuracy. 

These  researches  showed  that  the  persons  in  that 
neighbourhood  who  were  supplied  with  water  from  the 
pump  in  Broad  Street  suffered  from  cholera,  and  deaths 
were  almost  entirely  amongst  those  persons  at  the 
beginning  of  the  epidemic.  After  the  pump  was  closed 
the  cholera  did  not  disappear  at  once  but  after  a short 
time  ; and  an  additional  proof  that  this  water  was  the 
cause  of  the  cholera  was  afforded  by  the  fact  that  some 
persons  who  went  away  from  the  locality,  in  order  to 
avoid  the  cholera,  to  Hampstead  and  other  places,  so 
believed  in  the  water  that  after  they  left  the  neigh- 
bourhood they  had  the  water  from  the  Broad  Street 
pump  sent  to  them  in  bottles,  and  those  persons  were 
the  only  persons  in  those  particular  localities  who 
suffered  from  cholera.  It  is  only  fair  to  tell  you  that 
even  this  proof  has  been  doubted  by  the  great  German 
hygienist,  Dr.  Pettenkofer,  who,  for  certain  reasons, 
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throws  doubt  upon  the  results  drawn  from  the  circum- 
stances I have  just  sketched  out. 

However,  since  that  time  an  epidemic  of  cholera 
in  the  East  of  London  was  traced  by  Mr.  J.  Netten 
Badcliffe  to  drinking  water  which  had  not  been  fil- 
tered, and  which  was  shown  to  have  been  polluted 
with  discharges  from  a cholera  patient.  It  has  also 
been  shown  by  Mr.  Simon  that  when  two  companies 
delivered  water  taken  from  the  same  source  low  down 
in  the  Thames,  the  cholera  death-rate  among  people 
supplied  with  water  by  those  two  companies  was  prac- 
tically the  same  ; but  when  one  of  these  companies 
moved  higher  up,  and  took  the  water  from  a less  pol- 
luted part  of  the  Thames,  during  the  next  epidemic, 
while  the  death-rate  among  the  people  still  supplied 
with  water  taken  from  the  lower  part  of  the  river  was 
very  great,  that  among  those  supplied  from  a higher 
source  was  very  much  less. 

Glasgow  was  formerly  supplied  with  very  impure 
water,  and  during  the  cholera  epidemic  of  1832,  2842 
deaths  occurred ; and  in  that  of  1854,  no  less  than 
3886.  Pure  water  was  then  supplied  to  Glasgow  from 
Loch  Katrine ; and  in  1866,  the  next  cholera  year, 
in  that  town,  instead  of  3886  deaths  from  cholera, 
there  were  only  68. 

It  has  been  shown  in  other  places,  in  Berlin,  for 
instance,  that  the  death-rate  in  houses  supplied  with 
impure  water  is  very  much  higher  than  in  houses 
supplied  with  pure  water. 

So  cholera  is  spread  by  drinking  impure  water ! 
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Typhoid  fever  is  a disease  which  we  have  come  to 
know  much  more  about  of  late,  and  an  immense 
amount  of  evidence  has  proved  that  this  fever  is 
spread  by  drinking  water  containing  sewage. 

In  a number  of  instances  of  this,  perhaps  one  of 
the  most  striking  is  the  Millbank  Prison.  The  prisoners 
used  to  suffer  from  a variety  of  diseases,  one  of  them 
being  typhoid  fever.  This  they  got  from  water  sup- 
plied by  simply  drawing  water  out  of  the  Thames. 
Since  that  practice  has  been  discontinued  only  three 
cases  have  occurred,  and  one  at  least  of  these  was 
brought  into  the  prison. 

If  you  read  the  reports  of  the  Government  inspectors 
upon  the  places  where  epidemics  of  this  disease  have 
occurred  they  all  tell  the  same  tale  over  and  over  again 
— polluted  water. 

Ordinary  diarrhoea,  too,  is  frequently  caused  by  it, 
while  diphtheria  and  sore  throat,  so  frequently  pro- 
duced by  breathing  foul  air,  have  been  traced  by  some 
observers  to  the  use  of  impure  water  for  drinking. 

Now,  a word  or  two  about  the  sources  of  water. 
Certain  accidental  sources  of  water  occur.  Por  instance, 
drinking  water  has  been  occasionally  obtained  out  at  sea 
by  hanging  up  blankets  which  absorb  the  dew.  Melted 
snow  and  ice  are  used  in  some  countries,  but  the  water 
obtained  is  not  aerated  sufficiently,  and  consequently  is 
bad  for  digestion,  although  exceedingly  pure. 

Rain  is  the  indirect  source  of  all  our  water  supply, 
and  rain-water,  when  collected  away  from  towns,  is  very 
pure  soft  water ; it  is  therefore  advisable  to  collect 
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rain-water  in  country  places  even  for  domestic  use, 
and  this  course  is  a very  good  one  when  there  is  an 
epidemic  of  cholera  or  typhoid  fever.  Bain-water, 
however,  collected  in  and  near  towns  is  very  impure, 
almost  invariably,  from  the  impurities  contained  in  the 
air  of  the  towns.  This  has  been  especially  pointed  out 
by  Dr.  Angus  Smith,  who  examined  rain-water  col- 
lected in  various  places. 

Bain  collected  half  a mile  from  the  extreme  south- 
west of  Manchester,  although  the  wind  was  blowing 
from  the  west,  after  it  had  been  allowed  to  clear  itself 
of  suspended  matters,  contained  more  than  two  and  a 
half  grains  of  organic  matter  in  a gallon,  and  was, 
moreover,  obviously  impure.  It  becomes  clear,  there- 
fore, that  rain-water  in  towns,  and  for  some  distance 
around  them,  is  not  pure  for  drinking  purposes. 

Shallow  well-waters  are  very  liable  to  be  impure, 
and  in  towns  are  almost  always  impure  on  account  of 
the  percolation  of  foul  matters  through  the  surrounding 
ground,  and  are,  therefore,  unfit  for  drinking.  This 
becomes  a very  serious  thing  when  we  consider  what 
a large  number  of  our  towns  are  supplied  by  well- 
waters. 

Water  derived  from  artesian  ivells,  that  is  to  say,  . 
from  wells  made  by  boring  down  through  a series  of 
strata,  and  ultimately  through  an  impervious  stratum 
into  water-bearing  rocks  below  it,  afford  a very  large 
supply  of,  generally  speaking,  very  pure  and  whole- 
some water ; at  any  rate  water  which  has  not  been 
contaminated  by  foul  matters,  so  that  these  wells,  which 
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are  really  supplied  with  water  which  has  fallen  on 
distant  hills,  and  percolated  through  the  rocks,  form 
an  exception,  and  some  of  the  best  water  in  London  is 
supplied  by  means  of  artesian  wells. 

Spring  waters  vary  very  much  in  the  mineral 
matters  which  they  contain  in  solution,  and  they  vary 
according  to  the  kind  of  rocks  from  which  they  come. 
They  are  very  frequently  hard  water,  hut  otherwise 
generally  very  pure. 

Liver  water  is  very  much  softer  than  spring  water, 
but  is  very  frequently  largely  contaminated  with  foul 
organic  matter.  The  towns  look  upon  rivers  as  outlets 
for  their  sewage,  and  this  arises  from  the  fact  that  the 
drains  which  were  originally  constructed  to  drain  the 
towns  convey  the  sewage  into  the  rivers,  which  of 
course  renders  them  unfit  sources  for  water  supply. 

But  it  has  been  stated  that  rivers,  to  a certain 
extent,  purify  themselves  by  flowing,  and,  in  fact,  that 
they  purify  themselves  enough  to  become  a proper 
source  of  water  supply.  There  is  no  doubt  that  putres- 
cible  organic  matters  are  oxidised  and  rendered  harm- 
less in  running  water,  hut  there  is  no  evidence  to  show 
that  the  poisons  of  specific  diseases  are  destroyed  in 
this  way,  and  so  water  that  has  been  once  rendered 
impure  ought  not  to  he  used  for  domestic  purposes. 

Lakes,  especially  in  mountainous  countries,  afford  a 
very  large  source  of  exceedingly  pure  water,  and  you 
have  seen  the  result  of  supplying  one  of  our  large 
towns,  viz.,  Glasgow,  by  means  of  the  soft  water  from  a 
lake. 
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A word  or  two  about  the  connection  of  water  with 
soils. 

Waters  that  come  from  surface  soils  are  almost  in- 
variably impure.  So  generally  are  those  from  loose 
sand  and  soft  sandstones. 

Waters  that  come  from  clay  soils  are  generally 
hard  waters,  and  contain  sulphate  of  lime  in  solution, 
and  therefore  are  objectionable,  and  they  also  contain 
large  quantities  of  organic  matter  in  solution. 

Waters  that  come  from  the  chalk  and  limestone  for- 
mations are  very  hard  waters,  but  otherwise  are  natu- 
rally very  pure  waters  ; and  waters  that  come  from  the 
granitic  rocks  are,  as  a rule,  soft,  and  very  pure. 

Water  that  comes  from  soils  containing  much  mag- 
nesia produces  swelling  of  the  thyroid  gland,  called 
goitre,  or  “Derbyshire  Neck.”  In  a few  parts  of 
England,  in  parts  of  France  and  Switzerland,  and  in 
some  other  countries,  this  disease  has  been  traced  to 
drinking  very  hard  waters,  and  especially  those  con- 
taining magnesian  salts. 

How  is  water  to  be  supplied  to  places  ? The  best 
plan  of  supplying  it  is,  as  the  ancient  Eomans  did,  to  go 
to  a considerable  distance  from  a place  and  find  water 
which  has  not  been  contaminated,  and  bring  that  water 
to  the  place  where  it  is  wanted. 

In  the  year  92  after  Christ,  Frontinus,  the  Eoman 
engineer,  described  the  aqueducts  bringing  water  from 
various  distances  to  Some.  They  brought  waters  of 
different  degrees  of  purity,  and  Frontinus  tells  us  that 
the  purest  waters  were  used  for  drinking  purposes,  and 
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the  less  pure  waters  for  washing  the  streets,  and  for  the 
various  other  purposes  for  which  pure  water  was  not 
necessary. 

One  of  these  aqueducts  brought  water  for  fifty-four 
miles.  Some  of  them  have  been  repaired  from  time  to 
time,  and  still  supply  the  city  of  Home  with  water; 
And  if  you  go  to  Home  to-day  the  first  thing  that  will 
surpiise  you  is  the  immense  abundance  of  pure  water 
they  have  there,  and  that  immense  quantity  of  pure 
water  is  brought  by  some  of  the  aqueducts  made  by  the 
ancient  Eomans.  They  brought  spring  water  from  a 
distance,  collected  it  in  reservoirs,  let  the  suspended 
matters  settle,  and  then  distributed  the  water  by  pipes 
to  the  different  parts  of  the  city.  They  constructed 
aqueducts  not  merely  for  Home,  but  for  many  other 
great  Roman  cities.  We  have  been  told  that  the  Romans 
did  not  understand  the  first  principles  of  hydrostatics 
because  they  did  not  use  inverted  syphons  for  the  aque- 
ducts which  supplied  Rome.  They  understood  them 
well,  for  when  they  had  to  traverse  deep  valleys,  as  at 
Lyons,  they  took  the  water  across  by  means  of  inverted 
syphons,  and  they  used  precautions  which  would  per- 
fectly astonish  you  if  I had  time  to  tell  you  about  them. 

Tovns  may  also  sometimes  be  supplied  with  pure 
water  by  means  of  artesian  wells,  but  the  too  prevalent 
plan  of  supplying  towns  with  water  that  we  know  has 
been  polluted  must  be  condemned. 

We  will  now  pass  on  to  consider  the  methods  for  the 
purification  of  water. 

Impure  water  can  be  purified  to  a certain  extent, 
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that  is,  we  can  remove  certain  substances  from  water, 
but  we  cannot  tell,  so  far  as  known  at  present,  whether 
we  have  removed  from  the  water  the  causes  of  disease. 
If  we  take  Thames  water  that  we  know  has  been  pol- 
luted, we  can  adopt  certain  methods  for  purifying  it, 
and  render  it  much  more  fit  to  drink,  but  we  cannot 
tell  whether  we  have  removed  from  it  everything  that 
would  cause  disease.  It  must  be  clear  to  everybody 
that  in  taking  impure  water  and  purifying  it  we  are 
going  upon  a wrong  principle. 

Water  can  be  purified  on  a small  scale  by  boiling  it. 
When  you  boil  water  carbonic  acid  is  given  off,  and 
carbonate  of  lime  is  deposited,  and  that  is  why  the  in- 
crustation in  boilers  takes  place,  especially  if  the  water 
contains  much  carbonate  of  lime,  so  that  you  can  reduce 
the  hardness  of  water  by  boiling  it,  and  lull  any  living 
things  that  may  be  in  it.  This,  however,  can  only  be 
done  on  a small  scale. 

I may  tell  you  that  it  was  noticed  during  several 
epidemics  of  typhoid  fever  caused  by  drinking  watered 
milk,  that  those  who  drank  milk  which  had  been  boiled 
did  not  get  typhoid  fever.  And  boiling  water  is  much 
more  efficacious  if  an  infusion  of  vegetable  substances  is 
made.  For  instance,  in  some  countries  where  impure 
water  is  generally  used,  it  is  drunk  in  the  form  of  an 
infusion  of  tea. 

Water  can  also  be  softened  on  a large  scale  by 
Clarke’s  process,  which  consists  in  adding  lime  to  the 
water.  Some  of  you  may  be  astonished  at  this.  The 
salt  that  is  generally  most  abundant  in  hard  water  is 
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carbonate  of  lime  ; it  is  dissolved  in  carbonic  acid,  not 
being  soluble  in  water  alone.  When  you  add  lime  it 
combines  with  this  carbonic  acid,  and  the  acid  is  no 
longer  able  to  keep  the  carbonate  of  lime  in  solution, 
and  it  is  then  deposited  in  the  form  of  chalk. 

Let  us  now  consider  filtration.  When  water  con- 
taining substances  in  solution  or  suspension  is  passed 
through  porous  materials,  it  is  quite  clear  that  many  of 
the  substances  that  are  in  suspension  will  be  arrested, 
and  will  not  pass  through,  and  so  the  water  will  be 
strained  ; but  that  is  not  what  is  meant  by  filtration, — 
it  is  more  than  that.  When  waters  containing  certain 
substances  in  solution  are  passed  through  porous  mate- 
rials, if  certain  conditions  are  observed,  the  organic 
matters  that  are  in  solution  are  altered  ; they  are  con- 
verted into  inorganic  substances,  and  the  salts  of  am- 
monia that  are  in  solution  are  also  changed  ; and  this 
change  is  due  to  the  presence  of  oxygen  derived  from, 
air.  'When  organic  substances  are  brought  into  contact 
with  oxygen,  they  are  oxidised — that  is  to  say,  they  are 
decomposed,  burned  with  oxygen,  their  nitrogen  form- 
ing nitric  acid,  and  their  carbon  carbonic  acid. 

In  order  that  this  may  take  place  effectively,  the 
water  must  flow  downwards  ; it  must  be  poured  on  the 
top,  and  drawn  out  by  pipes  below.  If  the  water  is 
forced  upwards  through  a filtering  material,  this  change 
does  not  take  place.  When  water  is  passing  through  a 
filter  from  above,  it  passes  through  that  material  in  a 
large  number  of  small  streams,  trickling  down  through 
the  pores  of  the  material ; but  when  it  is  being  forced 
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upwards  through  the  porous  material,  it  rises  in  a con- 
tinuous sheet  of  water,  and  simply  displaces  the  air, 
driving  it  out ; and  this  is  why,  when  the  water  is 
passed  downwards,  and  is  brought  into  contact  with 
the  air,  such  an  important  change  takes  place  ; hut 
when  it  is  passed  upwards  it  is  not  brought  into  such 
contact  with  the  oxygen  of  the  air  in  the  pores  of  that 
material,  and  so  such  a change  cannot  take  place. 

Filtration  must  be  downwards  and  intermittent ; it 
must  not  go  on  continuously. 

That  is  practically  the  plan  which  is  carried  out  by 
the  water  companies.  They  allow  the  water  to  stand 
in  tanks  in  the  first  place,  and  then  pass  it  over  the 
surface  of  a filtering  bed  ; it  is  then  collected  in  pipes 
below.  When  this  is  done  it  is  found  that  a very 
considerable  amount  of  purification  takes  place.  Water, 
when  passed  through  sand  or  gravel  on  a large  scale, . 
is  very  considerably  purified  of  organic  matters  and 
salts  of  ammonia. 

Water  that  has  been  sufficiently  purified  by  being 
passed  through  sand  or  gravel,  may  become  contamin- 
ated by  the  way  in  which  it  is  supplied. 

There  are  two  ways  of  supplying  water,  the  system 
of  constant  service,  and  that  of  intermittent  service. 

With  the  constant  service  the  pipes  are  always  full, 
and  there  is  sufficient  pressure  to  take  it  to  the  tops 
of  the  houses.  With  the  intermittent  service,  the  water 
is  only  turned  into  the  pipes  for  a certain  number  of 
hours  during  the  twenty-four,  and  the  pipes  during  the 
remainder  of  the  time  have  no  water  in  them,  and  so 
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foul  water  and  foul  air  get  into  the  pipes,  through  the 
joints,  from  the  soil. 

With  the  intermittent  service  it  is  necessary  to  have 
cisterns,  so  that  water  may  be  stored  from  one  time  to 
another  ; and  these  are  liable  to  collect  impurities,  and 
so  to  render  the  water  impure.  With  the  constant 
system  the  pipes  are  always  full  of  water  at  a consider- 
able pressure,  and  there  is  no  necessity  to  have  cisterns 
or  butts,  except  for  the  supply  of  the  closets,  and,  con- 
sequently, the  risk  of  contamination  of  the  water  in 
cisterns  is  avoided.  Neither  can  impurities  from  the 
soil  get  into  the  pipes.  It  is  very  important,  however, 
that  the  water-closets  be  not  supplied  directly  from  the 
water-mains,  for  it  happens  occasionally  that  the  water 
is  necessarily  supplied  for  a day  or  two  on  the  intermit- 
tent system  (as,  for  instance,  when  a reservoir  has  to 
be  cleaned  out  or  repaired),  in  which  case  foul  matters 
may  get  into  the  pipes,  not  merely  from  the  soil  through 
leaky  joints,  but  directly  from  the  hoppers  of  the  water- 
closets.  This  actually  happened  at  Croydon  last  year, 
and  was  no  doubt  one  of  the  causes  of  the  very  severe 
epidemic  of  typhoid  fever  there. 

Water,  then,  from  the  causes  I have  mentioned,  gets 
impure,  either  before  it  reaches  us,  or  after  it  is  in  our 
houses  ; it  is  therefore  advisable,  as  a general  rule,  to 
use  extra  precautions,  that  the  water  we  drink  and  use 
for  cooking  is  pure ; and  there  are  various  kinds  of 
filters  that  are  much  used  for  this  purpose.  Their  action 
depends  partly,  if  not  entirely,  upon  the  passage  of  water 
through  some  porous  material,  and  most  of  them  depend 
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entirely  upon  porous  materials  to  destroy  the  organic 
matters  in  the  water. 

They  are  made  sometimes  of  sand  and  gravel,  some- 
times of  charcoal  ; vegetable  charcoal  has  been  used,  but 
it  is  not  an  efficient  filtering  medium.  Animal  charcoal 
is  much  better,  while  it  is  fresh,  and  so  long  as  we  are 
certain  that  it  has  been  well  burned  ; recent  experi- 
ments have  shown  that  animal  charcoal,  when  it  is  not 
fresh,  and  is  of  inferior  quality,  from  one  reason  or  an- 
other, becomes  a breeding  ground  for  living  creatures, 
and  this  also  happens  with  a piece  of  sponge.  Some- 
times in  filters,  in  order  that  grosser  materials  may  be 
kept  out,  a piece  of  sponge  is  used,  through  which  the 
water  flows,  and  it  is  frequently  found  infested  with  an 
immense  number  of  living  creatures, — hence,  these 
materials  for  filters  are  to  be  condemned. 

It  is  advisable,  then,  to  use  as  filters  substances 
which  are  not,  from  their  very  nature,  liable  to  become 
breeding  places  for  animal  or  vegetable  life  ; so  various 
kinds  of  substances  which  have  been  thoroughly  well 
burned  are  used. 

The  silicated  carbon  filter  is  a substance  of  this 
kind,  and,  unlike  animal  charcoal,  is  not  liable  to  have 
in  it  animal  matters,  which  have  not  been  properly 
burned.  Another  substance,  having  a remarkable  puri- 
fying power,  and  highly  recommended  in  the  last  report 
of  the  Rivers  Pollution  Commissioners,  is  what  is  known 
as  spongy  iron. 

There  is  a filter,  the  construction  of  which  is  novel ; 
it  is  called  the  aerating  filter.  The  principle  of  it  is 
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this,  that  whereas  in  almost  all  other  filters  the  air 
that  is  driven  out  comes  up  through  a little  pipe,  which 
is  made  for  it,  in  this  instance  the  air  that  is  driven  out 
of  the  filtering  material  by  the  water  as  it  goes  down, 
is,  by  a simple  and  ingenious  contrivance,  driven  up 
through  the  filtering  material  itself;  when  water  is 
drawn  from  the  filtered  water-chamber,  the  air  that 
has  got  to  come  back,  and  take  the  place  of  this  water, 
has  to  come  back  through  the  filtering  material,  so  that 
that  material  is  being  filled  with  air,  whether  water 
is  passing  through  it,  or  whether  water  is  being  drawn 
out  at  the  tap. 

There  is  a carbon  block,  through  which  the  water 
has  to  pass  first,  then  it  goes  out  below  in  the  form 
of  spray  through  several  little  holes,  and  falls  upon 
another  layer  of  filtering  material,  through  that,  and 
out  into  the  pure  water  chamber.  All  parts  of  this 
filter  can  be  easily  got  at,  so  that  it  can  be  cleaned  at 
any  time. 


LECTUEE  XYI. 


CLIMATE. 

Under  the  head  of  Climate  let  us  first  consider  moisture 
in  the  atmosphere.  The  air  dissolves  water  just  in  the 
same  way  as  water  dissolves  sugar  or  salt.  The  air  dis- 
solves very  different  quantities  of  water,  according  to  its 
temperature.  Cold  air  dissolves  very  little  water,  warm 
air  dissolves  a great  deal.  Air  dissolves  water  out  of  all 
proportion  to  the  rate  of  the  increase  of  its  temperature, 
so  that  warm  air  dissolves  a great  deal  more  water  than 
we  should  expect  from  its  temperature,  if  -we  begin  by 
considering  how  much  cold  air  would  dissolve  ; and  so  it 
follows,  if  you  take  warm  air  with  water  dissolved  in  it, 
and  cool  it,  at  a certain  temperature  it  will  no  longer 
hold  all  the  water  in  solution,  so  that  some  will  be  de- 
posited ; and  that  temperature  is  called  the  dew  point. 
You  can  prove  that  by  taking  a tumbler,  and  putting  a 
lump  of  ice  into  it ; after  a time  water  will  be  deposited 
on  the  outside,  and  that  comes  from  the  moisture  that 
was  dissolved  in  the  air ; the  air  in  the  tumbler  has 
cooled  the  air  around  to  such  a degree  that  it  can  no 
longer  hold  as  much  water  dissolved  in  it  as  it  held 
before ; and  so  some  of  that  water  is  deposited  in  the 
form  of  drops,  or,  as  we  call  it,  in  the  form  of  dew. 

Now,  there  are  several  ways  of  finding  out  how  much 
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moisture  there  is  in  the  air ; one  way  is  to  weigh  the 
air  ; moist  air,  of  course,  weighs  heavier  than  the  same 
bulk  of  dry  air  : but  that  is  a very  difficult  process. 
Then  there  are  instruments  for  directly  showing  the  dew 
point ; these  are  called  hygrometers,  by  means  of  which 
the  result  is  obtained  very  quickly  by  calculations  from 
tables,  telling  how  much  moisture  was  in  the  air  at  the 
time  of  the  experiment. 

The  most  widely  known  hygrometer  is  that  which 
goes  by  the  name  of  De  Saussure’s.  I name  this  parti- 
cular one  because  it  is  one  you  will  recognise  at  once. 
Its  principle  is  founded  on  the  fact  that  a piece  of  cat- 
gut is  longer  when  it  is  wet  than  when  dry  ; and  so,  if 
you  take  a piece  of  catgut,  you  can  make  it  move  a 
needle  as  it  shortens  or  lengthens.  You  will  recognise 
this  instrument  at  once,  when  I tell  you  that  you  have  all 
seen  it  in  the  form  of  a little  toy  that  is  sold  for  telling 
the  weather.  You  see  it  very  often  on  mantelpieces — 
a little  house  with  two  doors  ; a lady  comes  out  in 
fine  weather,  and  a gentleman  in  wet.  This  is  produced 
by  the  shortening  or  lengthening  of  the  piece  of  catgut. 

The  way,  however,  in  which  the  amount  of  moisture 
is  ordinarily  determined,  is  by  means  of  the  wet  and  dry 
bulb  thermometers.  This  instrument  consists  of  two 
precisely  similar  mercurial  thermometers.  One  has 
some  cotton  wound  round  the  bulb,  the  other  end  of 
which  dips  into  a vessel  containing  water ; the  water 
rises  up  the  threads  of  cotton  by  capillary  attraction, 
and  keeps  the  bulb  continually  wet.  When  the  air 
around  these  two  thermometers  is  saturated  with  mois- 
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ture,  then  the  mercury  stands  at  the  same  height  in 
them  both.  You  will  see  why,  because  one  is  con- 
tinually moist,  and  the  other  is  as  moist  as  it  can  be, 
because  it  is  in  air  containing  as  much  moisture  as  the 
air  will  dissolve.  But  suppose  the  air,  at  the  time  of 
the  experiment,  does  not  contain  as  much  moisture  as  it 
can  hold,  then  the  moisture  evaporates  from  the  wet 
cotton  into  the  air  around.  Whenever  evaporation 
takes  place  heat  is  required  to  convert  the  moisture  of 
this  cotton  into  vapour,  which  is  dissolved  by  the  air 
around.  That  heat  must  come  from  somewhere,  and  it 
is  taken  from  the  mercury  in  the  thermometer,  which 
contracts,  and  therefore  falls  in  the  tube.  Whenever 
air  does  not  contain  as  much  water  as  it  can  hold  in 
solution,  the  mercury  stands  at  a lower  point  in  the  wet 
than  it  does  in  the  dry  bulb  thermometer. 

Now,  from  the  difference  in  the  height  we  are  able 
to  calculate  the  amount  of  moisture  in  the  air. 

In  inhabited  places  the  rule  is  that  the  difference 
between  the  height  of  the  mercury  of  these  two  thermo- 
meters should  not  be  less  than  4°  nor  more  than  5°  Fahr. 
If  less  than  4°  the  air  is  too  moist ; if  more  than  5°  it  is 
too  dry. 

You  will  see,  if  you  notice  the  reports  in  the  papers, 
that  the  amount  of  moisture  in  the  air  is  stated  as  so 
much  per  cent  of  saturation. 

Whenever  the  air  contains  as  much  moisture  dis- 
solved in  it  as  it  can  hold,  no  matter  what  the  tempera- 
ture, it  is  said  to  be  saturated  with  moisture,  and  its 
state  is  represented  by  the  number  100  ; and  if  ever  you 
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see  in  weather  reports,  under  the  head  of  moisture  of 
the  air,  the  number  100,  you  will  know  that  the  air  con- 
tains as  much  as  it  can  hold.  The  amount  of  moisture 
that  the  air  contains  when  it  is  not  saturated  at  any  given 
time  is  expressed  in  numbers  proportional  to  the  ratio 
between  the  amount  that  it  does  contain  and  the  amount 
it  would  contain  if  it  were  saturated.  Suppose,  for 
instance,  it  contains  half  as  much  water  as  it  can  hold 
in  solution,  then,  no  matter  what  the  temperature  may 
be,  its  state  of  saturation  is  represented  by  50.  So  that 
you  see  if  80  is  represented  as  the  state  of  the  saturation 
of  the  air  at  a certain  time  on  a certain  day,  you  know 
then  that  the  amount  of  moisture  in  the  air  at  that  time 
was  WVths,  or  itlis  of  what  it  could  contain  at  that 
temperature. 

At  64°  Fahr.  air  will  hold  in  solution  6|  grains  of 
moisture  per  cubic  foot,  and  if  it  has  that  quantity  it  is 
saturated. 

Now,  if  on  any  given  day  it  is  found  that  the  tem- 
perature is  64°,  and  there  are  6|  grains  of  moisture  per 
cubic  foot,  the  state  of  saturation  is  represented  by  the 
number  100. 

The  freezing  point  of  water  is  32°  Fahr.,  and  air  at 
that  temperature  will  hold  a little  over  2 grains  of  water 
in  solution.  If  on  any  day  the  thermometer  is  at  the 
freezing  point,  and  the  air  contains  a little  over  2 grains 
of  water  in  each  cubic  foot,  then  the  saturation  of  that 
air  is  also  represented  by  100,  so  that  the  number 
100  means  very  different  things  with  different  tempera- 
tures. 
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As  to  the  influence  of  moisture  dissolved  in  air — 
animals  in  a dry  atmosphere  lose  weight  much  faster 
than  they  do  in  a moist  one.  This  is  because  they 
cannot  get  rid  of  moisture  by  their  respiratory  organs, 
or  by  their  skin,  fast  enough  in  a moist  atmosphere. 

Let  us  consider,  first,  a moist  warm  atmosphere.  It 
may  be  very  moist,  because  warm  air  can  hold  a consider- 
able quantity  of  moisture  in  solution.  On  account  of 
the  warmth  of  the  air,  its  lightness,  and  the  amount  of 
moisture  contained  in  it,  almost  all  internal  actions  go 
on  slowly.  Whenever  we  breathe  in  light  air,  we  do 
not  at  each  inspiration  breathe  in  the  same  weight  of  air 
that  we  do  when  we  breathe  in  heavy  air.  When,  in 
addition  to  being  warm,  the  atmosphere  is  charged  with 
moisture,  the  evaporation  from  the  skin  goes  on  to  a 
much  less  extent,  because  the  air  has  as  much  moisture 
in  it  as  it  can  have  already ; less  exercise  is  taken, 
and  so  the  respiration  and  circulation  go  on  slower, 
and  blood  of  an  inferior  quality  is  circulated  through- 
out the  body,  and  supplies,  among  other  parts,  the 
nervous  system,  so  that  a general  laxity  and  want  of 
tone  are  the  result,  which  is  the  state  we  know  as 
due  to  the  atmosphere  of  what  are  called  relaxing 
places,  and  it  is  in  such  atmospheres  that  certain 
diseases,  especially  contagious  fevers,  spread  most  easily 
and  rapidly. 

If  the  atmosphere  is  cold  and  very  moist,  most  of  the 
moisture  is  suspended,  for  the  air  may  not  only  have 
moisture  dissolved  in  it,  but  it  may  have  it  suspended 
in  it  in  the  form  of  mist  and  fog.  Now,  the  fact  of  the 
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air  being  moist  makes  it  seem  colder  than  it  is.  It  is  a 
universal  experience  that  moist  cold  air  seems  colder 
than  dry  cold  air,  which  may  really  be  much  colder. 
Heat  is  more  readily  extracted  from  our  bodies  in  a 
moist  cold  atmosphere  than  in  a dry  one,  and  there  is  a 
difficulty  in  getting  rid  of  moisture  from  the  respiratory 
organs  and  from  the  skin,  because  the  air  is  already 
charged  with  moisture.  On  account  of  this  chilly  ten- 
dency of  a moist  cold  atmosphere,  the  diseases  preva- 
lent in  such  weather  are  lung  diseases,  kidney  diseases, 
and  rheumatism. 

In  large  towns  the  mists  and  fogs  have,  besides, 
special  deleterious  effects,  because  they  hold  suspended 
in  them  the  impurities  of  the  air — soot,  acid  vapours 
from  manufactories,  etc.,  and  so  it  is  desirable  in  such 
weather,  especially  in  large  towns,  to  wear  something  in 
the  way  of  a respirator  or  comforter  round  the  mouth 
and  nose  to  prevent  suspended  particles  in  the  air,  and 
even  the  chilly  suspended  particles  of  moisture  from 
getting  into  the  lungs. 

With  hot  dry  air  we  have  increased  action  of  the 
skin,  because  there  is  less  resistance  to  the  flow  of  blood 
in  the  skin  when  the  air  is  dry  and  warm ; all  the 
small  arteries  bringing  blood  to  the  skin  are  relaxed,  and 
the  blood  also  flows  quicker  in  the  capillary  vessels  in  the 
skin.  There  is  a large  amount  of  blood  in  the  skin,  and 
the  action  of  the  perspiration  glands  becomes  increased 
by  the  excessive  amount  of  blood  supplied  to  them. 
Evaporation  from  the  surface  of  the  skin  takes  place 
very  fast,  but  generally  in  a hot  dry  atmosphere  it  does 
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not  take  place  sufficiently  fast  to  get  rid  of  the  excessive 
perspiration.  On  the  other  hand,  the  action  of  all  the 
internal  organs  except  the  liver  is  diminished ; for 
instance,  the  mucous  membrane  of  the  mouth  becomes 
dry,  and  the  same  is  true  of  the  other  mucous  mem- 
branes, the  action  of  the  salivary  glands  is  lessened,  and 
the  action  of  the  gastric  glands  is  also  lessened  ; these 
are  some  of  the  most  important  organs  connected  with 
digestion,  so  that  the  power  of  digestion  is  lessened  and 
the  appetite  is  lessened,  because  the  want  of  food  is 
less,  and  so  the  lessened  power  of  digestion  does  no 
harm  if  we  do  not  try  and  eat  too  much  in  hot  dry 
weather. 

The  action  of  the  liver  is  increased  in  hot  atmo- 
spheres, and  it  is  well  known  that  liver  diseases  are  pre- 
valent in  hot  climates. 

You  will  remember  I told  you  there  are  two  reasons 
why  we  eat  food — the  first  is  to  repair  the  waste  of 
the  body  which  is  continually  going  on,  and  the  second 
to  supply  animal  heat,  which  is  necessary  for  our  exist- 
ence, and  which  is  transformed  into  various  kinds  of 
force  which  we  exert.  The  second  of  these  is  required 
to  a much  less  extent  in  hot  dry  weather,  because  the 
air  around  is  already  so  hot  that  we  are  not  losing  heat 
and  may  gain  it,  so  we  need  take  little  or  no  food  for 
the  purpose  of  keeping  up  our  heat. 

In  cold  dry  air  we  have  precisely  the  reverse  effects. 
For  cold  dry  air  chills  the  skin,  making  the  small  arteries 
which  bring  blood  to  the  skin  contract,  because  cold  is 
one  of  the  agents  which  makes  muscular  tissue  contract ; 
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so  the  small  arteries  by  -which  the  blood  comes  to  the  skin 
contract  and  prevent  the  blood  coming  to  the  skin; 
besides  that,  the  flow  of  blood  in  the  capillary  vessels  is 
slackened  in  obedience  to  the  known  physical  law  that 
the  flow  of  liquids  in  capillary  tubes  is  lessened  by  cold. 
Less  blood  then  comes  to  the  skin,  and  this  is  very  for- 
tunate, because  remember  that  we  lose  a great  deal  of 
heat  from  the  skin,  and  so  the  fact  that  less  blood 
comes  to  the  skin  becomes  important,  for  if  as  much 
blood  came  to  the  skin  in  cold  weather  as  in  warm  we 
should  lose  heat  too  fast,  and  the  blood  would  get 
chilled  too  much. 

The  blood,  then,  is  chiefly  in  the  internal  organs,  so 
there  is  an  increased  action  of  the  internal  organs  (except 
the  liver)  in  cold  weather,  an  increased  power  of  digest- 
ing food,  and  an  increased  need  of  food  ; and  in  cold 
weather  we  eat  more  than  in  hot  weather,  both  to  repair 
the  greater  amount  of  tissue  waste  that  is  going  on  and 
to  keep  up  our  animal  heat. 

The  diseases  prevalent  in  cold  weather  are  what  you 
would  expect  from  the  fact  that  the  blood  is  thrown 
from  the  skin  into  the  internal  organs,  and  the  action 
of  the  skin  is  lessened ; if  the  action  of  the  skin  is 
lessened,  and  the  lungs  and  kidneys  have  to  do  some  of 
its  work  as  well  as  their  own,  they  may  get  too  much  to 
do,  and  when  the  blood  is  thrown  back  upon  them,  con- 
gestion of  one  of  those  organs,  and  subsequent  inflam- 
mation, may  take  place,  and  lung  and  kidney  diseases 
are  therefore  prevalent  in  cold  weather,  and  so  in  cold 
weather  we  have  always  the  highest  death-rates. 
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When  one  mass  of  air  containing  a large  quantity  of 
water  dissolved  in  it  meets  another  of  the  same  hulk 
which  is  colder  than  itself,  and  they  mix,  the  resulting 
mixture  has  the  mean  temperature  of  the  two  masses 
mixed.  Suppose  that  a mass  of  air  at  32°  Falir.,  the 
freezing  point  of  water,  meets  an  equal  mass  of  air  at 
96°,  both  being  saturated  with  water,  the  mass  of  air  at 
32°  will  contain  about  2 grains  of  water,  and  the  mass  at 
96°  about  17|  grains  of  water  in  each  cubic  foot.  When 
these  two  mix  together  they  form  a mass  of  air  having 
a temperature  which  is  the  mean  of  the  two  tempera- 
tures, namely,  64°.  Will  that  mass  of  air  hold  all  the 
water  in  solution  that  the  other  two  held?  At  first 
sight  you  might  think  that  it  would,  but  you  must 
remember  I told  you  that  air  at  64°  would  only 
hold  6J  grains  per  cubic  foot,  so  that  when  these  two 
masses  of  air  at  32°  and  96°  mix  together,  they  form 
a mass  at  64°,  which  will  only  hold  6J  grains  per 
cubic  foot,  instead  of  9f  grains,  so  that  the  difference 
of  3£  grains  per  cubic  foot  can  no  longer  be  dissolved 
by  the  air  and  it  falls  ; that  is  the  way  rain  is  produced. 

The  amount  of  rain  that  falls  varies  very  much  in 
different  countries.  Hot  air  dissolves  much  more  water 
than  cold  air,  and  so  the  hottest  air  in  the  world  is 
likely  to  have  much  more  water  in  it  than  colder  air, 
so  the  hottest  place  is  likely  to  have  much  more  rain  ; 
thus  the  greatest  amount  falls  at  the  equator,  and  the 
amount  decreases  as  we  go  to  the  poles. 

The  amount  of  rain  that  falls  in  a place  is  measured 
in  England  in  inches.  You  will  see  in  the  reports  that 


CLIMATE. 


293 


are  published  in  the  newspapers  that  an  inch  of  rain 
has  fallen  in  a certain  time  ; what  does  that  mean  ? It 
means  that  during  the  time  specified  an  amount  of  rain 
has  fallen  over  that  particular  place,  which,  if  none  of  it 
had  evaporated  or  been  soaked  up  by  the  ground,  would 
cover  that  place  to  the  depth  of  an  inch.  The  amount 
of  rain  is  measured  by  an  instrument  which  goes  by  the 
name  of  the  rain-gauge.  It  is  a kind  of  funnel,  upon 
which  the  rain  is  allowed  to  fall ; the  area  of  the  funnel 
is  known,  and  it  can  then  be  calculated  accurately  how 
much  rain  has  fallen  in  a given  time.  The  chief  protec- 
tion necessary  is  that  the  rim  of  the  funnel  shall  be  ver- 
tical, so  that  the  drops  that  fall  into  it  shall  not  splash 
out.  Let  us  suppose  the  area  of  the  funnel  to  be  100 
square  inches  ; when  an  inch  depth  of  rain  falls  upon 
100  square  inches,  there  will  be  100  cubic  inches  of 
water  ; so  when  100  cubic  inches  of  water  have  collected 
in  the  vessel  below  the  funnel,  one  inch  of  rain  has 
fallen. 

The  amount  of  rain  that  falls  in  London  is  from 
22  to  23  inches  per  year  on  an  average.  Much  more 
falls  in  some  parts  of  England,  on  the  west  coast  of 
England  generally,  and  in  Cumberland  as  much  as  150 
inches  have  fallen.  In  other  countries  as  much  as  400 
or  450  inches,  and  in  one  place  in  India  600  inches,  fall 
in  a year. 

Eo  connection  has  been  made  out  between  the  amount 
of  rain  that  has  fallen  and  the  number  of  deaths  in  a 
place,  but  one  thing  is  certain,  and  that  is,  that  the  rain 
clears  the  air.  In  falling  it  drags  down  with  it,  or  dis- 
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solves,  impurities,  and  so  a heavy  rainfall  tends  to  purify 
the  air.  Another  thing  that  it  does  is,  it  flushes  the 
sewers,  and  so  clears  out  a large  amount  of  impurity  out 
of  the  drains  as  well  as  out  of  the  air.  And  it  has  been 
repeatedly  observed  that  epidemic  diseases  have  disap- 
peared sometimes  quite  suddenly  after  very  heavy  rain- 
falls. I have  always  considered  it  a great  advantage 
in  the  summer  during  the  prevalence  of  epidemics  of 
typhoid  fever,  if  we  have  one  or  two  heavy  thunder 
storms.  And  it  has  been  noticed  over  and  over  again 
that  the  mortality  from  such  diseases  has  been  less  after 
a heavy  rainfall. 

Of  the  rain  that  falls  upon  the  ground,  part  is 
evaporated,  part  is  absorbed  by  plants  and  subse- 
quently evaporated,  part  runs  off  the  surface,  and  part 
penetrates  into  the  soil ; the  water  penetrates  through  the 
soil  as  long  as  the  soil  is  porous,  until  it  comes  to  an  im- 
pervious stratum,  along  the  surface  of  which  it  runs 
until  that  impervious  stratum  comes  to  the  surface  of 
the  ground,  and  there  the  water  comes  out  and  forms 
what  we  call  a spring.  The  water  penetrating  the  soil 
dissolves  certain  matters  out  of  it,  and  so  spring  waters 
are  generally  very  hard  waters  ; sometimes  so  hard  as 
to  be  petrifying  springs,  generally  cold,  but  sometimes 
in  volcanic  countries,  for  one  reason  or  another,  they 
become  hot,  and  may  be  actually  boiling.  Springs  run 
together  and  form  rivers,  and  in  so  doing  a large 

O 

quantity  of  carbonic  acid,  which  spring  waters  contain, 
is  given  out  into  the  air,  and  a good  deal  of  carbonate 
of  lime  is  deposited,  so  river  waters  are  generally  softer 
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waters  than  spring  waters,  but,  in  other  ways,  more 
impure  on  account  of  the  impure  matters  thrown  into 
rivers.  Eivers  affect  the  climate  of  places ; thus  in  their 
neighbourhood  it  is  cooler  in  summer  than  away  from 
them,  and  warmer  in  winter  until  the  river  freezes. 
They  also  affect  the  climate  by  evaporation  from  their 
surface,  and  so  the  neighbourhood  of  rivers  is  a moist 
neighbourhood,  and  the  effluvia  which  rise  from  them, 
especially  when  a large  quantity  of  impure  matter  has 
been  thrown  into  them,  are  often  deleterious  to  health  ; 
but  I must  tell  you  that  the  exact  effect  of  the  effluvia 
given  out  has  not  been  determined  (although  they  must 
have  an  effect),  because  in  all  the  instances  there  are  so 
many  other  causes  at  work. 

Pdvers  also  often  influence  the  climate  by  inundating 
the  country,  and  by  the  large  amount  of  material  that 
they  bring  down,  which  they  deposit  at  various  parts  of 
their  course  or  at  their  mouths,  so  forming  unhealthy 
swamps. 

To  give  you  an  idea,  I will  take  rather  an  extreme 
case,  that  of  the  Ganges,  which  Sir  Charles  Lyell  tells  us 
deposits  6368  million  cubic  feet  of  solid  matter  in  a 
year,  and  brings  down  of  that  more  than  6000  million 
cubic  feet  of  suspended  matters  during  the  rainy 
months. 

Considering  that  two-thirds  of  the  surface  of  the 
earth  is  covered  with  water,  if  any  difference  is  effected 
at  all  it  is  clear  that  a very  considerable  difference  must 
be  made  in  the  climate  of  places  by  proximity  to  the 
sea. 
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After  height  above  the  sea,  the  most  important  con- 
sideration, as  Humboldt  tells  us,  is  the  distance  from 
the  sea : that  happens  in  this  way  ; the  rays  of  the  sun 
penetrate  the  waters  of  the  ocean  to  a great  depth,  and 
the  heat  is,  as  it  were,  lost  in  the  body  of  water ; the 
ocean  water  has  the  highest  capacity  for  holding  heat, 
the  rays  of  the  sun  penetrate  to  a great  depth,  and  so 
the  water  and  the  air  over  it  are  very  little  heated. 
On  the  other  hand,  the  rays  of  the  sun  heat  the  land, 
which  absorbs  heat  readily,  and  the  air  over  the  land 
gets  heated  during  the  day,  so  that  during  the  day 
the  air  over  the  land  and  the  land  get  hot,  and  the 
air  over  the  sea  and  the  sea  are  very  little  heated,  and 
so  the  pressure  of  the  air  over  the  sea  is  greater  than  over 
the  land,  therefore,  during  the  day  the  breeze  blows  from 
the  sea  towards  the  land.  During  the  night  the  earth 
gets  very  cold ; the  sea  does  nothing  of  the  kind ; it 
radiates  very  little,  and  so  the  sea  and  air  over  it  change 
very  little  in  temperature  between  day  and  night ; 
during  the  night,  therefore,  a breeze  blows  from  the 
land  towards  the  sea.  So  the  farther  the  land  is  from 
the  sea  the  less  it  is  affected  by  the  change  of  air  due  to 
proximity  to  the  sea.  The  sea  exercises  an  equalising 
influence  over  the  temperature  of  the  land,  and  places 
near  the  sea  have  an  equable  temperature. 

London  is  a good  deal  north  of  Paris,  but  it  is  near 
the  sea,  so  London  has  a comparatively  equable  climate, 
while  Paris  has  a climate  of  extremes,  a very  hot 
summer  and  a very  cold  winter.  Paris  sometimes  has 
very  cold  winters  indeed,  on  account  of  its  distance 
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from  the  sea.  The  Channel  Islands,  on  the  other  hand, 
are  very  equable  in  climate.  So  places  near  the  sea 
have  the  advantage  of  having  their  air  changed  very 
frequently,  and  it  is,  I make  no  doubt,  one  of  the 
reasons  why  London  and  its  neighbourhood  are  naturally 
such  healthy  places. 

The  sea  air  contains  a large  amount  of  moisture,  as 
you  would  expect,  dissolved  in  it,  and  sometimes  sus- 
pended in  it,  and  so  places  near  the  sea-side  are  moist 
places,  and  places  which  are  exposed  to  winds  passing 
over  a large  area  of  sea  are  moist  places.  That  is  why 
the  west  coast  of  England  is  moister  than  the  east. 

Diseases  like  dysentery,  plague,  cholera,  ague,  and 
so  on,  do  not  travel  across  even  very  narrow  pieces  of 
the  sea,  and  so  it  is  the  habit  in  countries  where  these 
diseases  are  prevalent  to  have  hospital  ships  placed  at  a 
little  distance  from  the  coast,  and  it  has  been  frequently 
noticed,  tiiat  while  troops  on  land  have  been  decimated 
by  some  of  these  diseases  in  hot  climates,  the  sailors  in 
the  harbours  have  not  suffered  at  all. 

A word  about  stagnant  waters. 

When  I tell  you  that  two-thirds  of  the  Europeans 
who  die  in  hot  countries,  die  of  diseases  that  have  been 
generated  in  marshy  places,  you  will  understand  that  it 
is  an  extremely  important  matter.  When  you  consider 
that  the  oriental  plague,  which  killed  so  many  millions 
of  people  in  the  middle  ages  started  in  the  marshes  at 
the  mouth  of  the  Nile — that  cholera  commenced  in  the 
marshes  of  the  Ganges — that  yellow  fever  commenced 
at  the  mouth  of  the  Mississippi — and  that  various  kinds 
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of  ague  are  prevalent  in  marshy  countries  of  all  the 
temperate  climates  in  the  world,  and  extremely  pre- 
valent in  many  parts  of  Europe,  you  will  see  that  this 
matter  is  one  of  great  importance.  Marshes  may  he 
found  wherever  a somewhat  impervious  soil  exists,  so 
that  the  water  cannot  get  away  by  natural  drainage ; it 
does  not  at  all  matter  how  the  water  gets  there  : it  may 
get  there  by  rain,  by  the  usual  overflow  of  the  river,  or 
by  the  flow  of  a river  being  obstructed  by  the  deposit 
brought  down  by  it,  for  great  rivers  frequently  bring 
down  much  solid  suspended  matter.  In  each  case  the 
result  is  the  same,  there  is  stagnant  water,  profuse 
vegetation,  and  one  or  other  of  these  pestilential  diseases 
is  engendered,  the  worst  forms  of  these  diseases  being 
found  in  the  marshes  of  tropical  climates.  The  pre- 
cautions which  people  who  work  in  marshy  countries,  for 
instance  in  cutting  down  forests  or  making  railways, 
should  take  are — that  they  should  live  on  as  high  a 
piece  of  ground  as  they  can  get ; the  windows  should 
be  away  from  the  prevailing  wind,  especially  if  it  blows 
over  marshy  land  : they  should  never  sleep  on  the 
ground,  as  it  has  been  noticed  over  and  over  again  that 
persons  sleeping  on  the  ground  are  much  more  liable  to 
get  such  diseases  than  those  who  sleep  even  in 
hammocks  above  ground  ; they  should  eat  moderately, 
and  especially  of  well-cooked  food, — should  not  drink 
water  from  the  marsh,  or  if  they  must  do  so,  should  boil 
it  first,  or,  what  is  still  better,  should  make  tea  of  it. 

In  many  instances  the  marshy  country  itself  may  be 
made  salubrious,  and  this  has  been  done  on  a large 
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scale  all  over  the  world ; Lower  Egypt  is  one  of  the 
most  remarkable  instances  of  this.  Lower  Egypt  used 
to  be  most  fertile  and  prosperous — it  was  the  place  from 
which  all  the  arts  and  sciences  originated,  the  place  in 
which  medicine  was  first  cultivated,  and  in  which 
attention  was  first  given  to  sanitary  science.  Moses, 
who  was  “learned  in  all  the  wisdom  of  the  Egyptians,” 
gave  us  the  most  admirable  code  of  sanitary  laws  ever 
issued.  Lower  Egypt  was  the  place,  indeed,  from  which 
started  all  our  knowledge  ; a highly  intellectual  race 
inhabited  it  at  one  time.  Later  on,  through  neglect  of 
drainage,  it  became  the  most  pestilential  swamp,  the 
home  of  the  plague,  which  ravaged  the  whole  world. 

Intermittent  fevers  used  to  be  much  more  fatal  in 
England  than  they  are  now.  The  Begistrar-general,  I 
see  in  his  summary  for  ten  years,  draws  attention  to 
this  fact,  which  is  the  result  of  increased  drainage  of 
soil,  so  that  there  is  no  doubt  whatever,  that  by  drain- 
age, the  death-rate  from  marshy  diseases  may  be  lessened 
to  a very  considerable  extent. 

I said  that,  according  to  Humboldt,  height  above  the 
sea  was  the  most  important  fact  as  regards  the  climate 
of  a place,  and  the  higher  the  place  above  the  sea,  the 
lower  its  temperature,  until  at  last  we  get  to  the  region 
of  perpetual  snow.  You  think  it  is  a strange  thing  that 
the  higher  and  nearer  to  the  sun  we  get,  the  more  the 
temperature  is  lowered,  but  the  reason  is  that  the  air  is 
so  rare  that  it  does  not  absorb  the  sun’s  rays  ; they  pass 
through  it.  The  higher  you  go  the  rarer  the  air  is,  and  so 
each  time  you  breathe  you  breathe  in  the  same  volume 
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but  less  weight  of  air,  and  therefore  less  weight  of 
oxygen,  so  in  order  to  get  the  amount  of  oxygen  which 
is  required  for  the  purposes  of  the  system  you  have  to 
breathe  more  times,  and  people  who  live  high  above  the 
sea  level  always  breathe  more  quickly,  hence  those  who 
require  their  lungs  exercised  adopt  the  excellent  plan 
of  going  up  into  the  mountains. 

The  diseases  prevalent  in  mountainous  countries  are 
those  due  to  cold,  such  as  lung  diseases,  rheumatism, 
and  heart  disease  consequent  on  rheumatic  fever,  but 
they  are  more  specially  prevalent,  not  in  exposed  situa- 
tions but  in  gorges  and  valleys,  where  the  air  is  stagnant 
and  damp : cholera  and  typhoid  fever  are  rare  in  moun- 
tainous countries,  and  in  many  such  places  cholera  has 
never  appeared  at  all. 

Cold,  then,  is  an  important  consideration,  and  this 
leads  me  to  say  that  things  made  of  wool  are  warmer, 
because  they  allow  less  heat  to  get  away  from  the  body, 
and  another  reason  is  that  they  absorb  the  moisture  of 
the  skin  much  more  readily  than  clothes  made  of  cotton 
or  linen. 

Land  which  is  covered  with  vegetation,  other  things 
being  equal,  is  colder  and  moister  than  dry  places,  for 
we  know  that  dry  places  when  there  is  no  vegetation  at 
all  are  some  of  the  hottest  places  in  the  world,  as,  for  in- 
stance, the  desert  of  Sahara. 

A word  or  two  about  the  condition  of  the  soil  itself. 
Soils  may  be  divided  roughly  into  pervious  soils  and 
impervious  soils.  Places  built  upon  pervious  soils  such 
as  gravel,  sand,  chalk,  through  which  the  water  can 
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penetrate  are  dry,  and  generally  healthy  : lung  diseases, 
rheumatic  diseases,  and  consumption,  are  less  prevalent 
there.  The  diseases  that  are  prevalent  there  are  cholera 
and  typhoid  fever  ; they  spread  upon  these  soils,  accord- 
ing to  the  theory  of  a great  German  hygienist,  on  account 
of  the  emanations  which  are  given  out  of  these  soils 
under  certain  circumstances,  hut  in  England  we  believe 
that  these  diseases  spread  because  people  drink  water 
from  wells  in  the  soil  into  which  impurities  have  per- 
colated. 

Upon  impervious  soils  the  disease  that  is  especially 
prevalent  is  consumption,  and  on  all  undrained  soils, 
whether  pervious  or  impervious,  this  disease,  the  plague 
of  temperate  climates,  is  prevalent.  Dr.  Buchanan  has 
shown  that  there  are  no  instances  among  the  cases  in- 
vestigated, where  the  level  of  the  water  in  the  soil 
beneath  the  houses  has  been  lowered  by  drainage,  in 
which  the  death-rate  from  consumption  has  not  been 
lessened,  and  in  one  town  in  England  it  was  lessened 
fifty  per  cent.  Yarious  lung  diseases  and  rheumatic 
affections  are  also  prevalent  on  damp  soils.  It  is  exceed- 
ingly  important  that  we  should  live  upon  dry  soils, 
and  there  should  be  in  every  house  what  is  called 
a damp  course,  a little  distance  above  the  ground  all 
round  the  wall,  of  asphalte  or  glazed  stoneware,  so 
that  the  moisture  cannot  rise  up  through  the  walls.  It 
is  very  important,  too,  that  the  basement  of  all  houses 
should  be  impervious  to  water  ; there  should  be  a layer 
of  asphalte  or  concrete,  all  over  the  basement  floor, 
above  which  the  boards  should  be  laid,  and,  if  possible, 
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there  should  be  a ventilated  air-space  between  the  floor 
and  the  asphalte  or  concrete,  so  that  no  damp  can  rise 
up  into  the  house ; another  reason  for  that  is,  that  all 
soils  contain  a certain  amount  of  air ; pervious  soils 
contain  a good  deal,  and  that  is  air  which  should  not  he 
admitted  into  the  house,  as  it  contains  a large  amount 
of  moisture  and  organic  matter,  which  may  he  very 
foul. 


LECTURE  XVII. 


HOUSES  AND  TOWNS. 

We  will  now  consider  the  sanitary  arrangements  in 
houses,  and  to  a certain  extent  in  towns  also. 

I will  first  say  a few  words  about  water  cisterns. 

With  the  system  of  constant  service  there  is  no  need 
to  have  cisterns  for  drinking  water,  and  that  is  one  of 
the  great  advantages  of  the  constant  service.  But  with 
the  system  of  intermittent  service  the  drinking  water 
must  he  stored  in  cisterns. 

The  first  thing  to  be  considered  is  the  material  of 
which  the  cisterns  are  made — wood,  stone,  slate,  lead,  or 
iron.  Wooden  ones  are  clearly  open  to  many  objections 
and  not  very  much  used.  In  some  houses  of  the  poorer 
classes  casks  and  tubs  of  wood  are  often  used  for  water. 

Stone  cisterns  are  too  heavy  for  use,  in  any  other 
situation  than  in  the  basement  of  a house,  and  though 
they  are  excellent  cisterns,  they  are  useless  for  general 
purposes  above  the  ground  floor. 

Slate  cisterns  are  often  used,  and  were  much  recom- 
mended some  time  ago.  They  have  some  disadvantages  : 
the  first  is  their  weight,  the  second  is  that  the  joints  are 
apt  to  become  leaky,  and  I believe,  although  several 
reasons  are  given  for  this,  the  true  reason  is  that  more 
or  less  vibration  is  continually  going  on  from  the  traffic 
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in  the  streets,  and  perhaps  proximity  to  railroads,  which 
is  sufficient  to  weaken  the  joints  of  these  heavy  slate 
cisterns,  and  they  always  leak  after  a time.  When  this 
happens,  the  man  sent  for  is  the  plumber,  and  he  very 
naturally  empties  the  cistern,  gets  into  it,  and  fills  up 
the  joints  with  red  lead. 

Leaden  cisterns  and  leaden  pipes  are  very  largely 
used — I think  even  more  largely  used  than  any  other 
kind.  Some  time  ago  there  was  a considerable  outcry 
against  leaden  cisterns  and  pipes,  because  certain  waters 
dissolved  the  lead  and  became  poisonous  ; the  outcry 
was  perfectly  just,  because  we  are  not  justified  in  run- 
ning the  risk  attached  to  leaden  cisterns  and  pipes, 
unless  we  know  that  the  water  we  are  to  have  in  them 
will  not  dissolve  the  lead.  I said  that  they  are  very 
largely  used,  and  the  reason  is  that  it  is  found  that  the 
majority  of  waters  supplied  for  drinking  purposes  do 
not  affect  lead,  or  if  they  do  affect  it,  only  do  so  for  a 
short  time,  and  an  insoluble  coating  is  formed  on  the 
surface  of  the  lead  inside  the  cisterns  and  pipes,  which 
renders  them  proof  against  further  attacks  of  the  water, 
so  practically  as  a matter  of  fact  we  are  not  poisoned,  al- 
though nine  out  of  ten  people  drink  water  out  of  pipes 
or  cisterns  made  of  lead.  Waters  that  attack  lead  best 
are  very  soft  pure  waters ; rain  water,  for  instance,  attacks 
it  with  great  rapidity  ; that  is  not  the  kind  of  water  we 
are  supplied  with  for  drinking  purposes. 

Waters  containing  certain  salts  have  very  little  action 
on  leaden  pipes  and  cisterns,  but  it  is  clearly  wise  if 
any  other  material  can  be  found  which  possesses  most  of 
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the  advantages  of  lead,  and  not  the  disadvantage,  to 
use  it. 

The  advantages  of  lead  must  be  clear  to  everybody. 
It  is  a material  very  easily  worked,  extremely  lasting, 
and,  as  far  as  pipes  are  concerned,  can  be  bent  in  any 
direction  with  the  greatest  facility,  and  joined  with  a 
perfectly  water-tight  joint. 

The  material  that  is  now  replacing  lead  for  the  pur- 
poses of  cisterns  and  pipes  is  wrought-iron.  Some 
years  ago  the  use  of  wrought-iron  pipes  for  conveying 
water  came  into  fashion,  and  they  are  being  used  more 
and  more.  They  have  the  advantage  of  being  cheaper 
than  lead,  and  are  very  durable.  The  disadvantage 
they  have  is,  that  the  iron  is  not  so  easily  jointed,  and 
bends  have  to  be  made  of  every  kind,  because  the  metal 
cannot  be  bent.  Wrought-iron  cisterns,  especially  gal- 
vanised wrought-iron — that  is  to  say  coated  with  a 
layer  of  zinc — are  becoming  very  much  used  indeed  for 
water  cisterns,  and  they  are  the  best  kind  of  cisterns  we 
have  at  present.  It  is  quite  possible  that  Professor 
Barffs  invention  of  indestructible  iron,  a process  by 
which  the  iron  is  coated  with  an  absolutely  unalterable 
layer  of  oxide,  will  come  into  use  for  cisterns  and  water- 
pipes,  as  well  as  for  many  other  things. 

Excellent  glazed  stoneware  cisterns  are  now  made 
cheaply  enough  for  use  in  the  poorest  dwellings. 

We  assume,  then,  that  it  is  necessary  to  have  a 
cistern  to  supply  the  drinking  water  of  the  houses,  and 
the  first  thing  to  be  careful  about  with  a cistern  is,  that 
it  must  not  be  used  for  any  other  purpose.  You  must 
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not  have  one  cistern  to  supply  the  water  for  drinking, 
and  for  every  other  purpose  for  which  water  is  required 
in  a house.  That  is  an  exceedingly  important  thing, 
because,  in  some  way  or  another,  if  the  cistern  is  used 
for  the  closets  as  well,  the  water  may  get  contaminated, 
and  become  unfit  to  drink.  It  has  been  argued  that  by 
a proper  arrangement  of  taps  and  pipes,  you  can  make  it 
almost  impossible  that  this  shall  take  place,  but  if  you 
cannot  prove  an  instance  to  the  contrary,  you  may 
always  meet  such  an  argument  of  that  kind  by  the 
assertion  that  it  is  going  upon  a wrong  principle  alto- 
gether. Even  if  you  cannot  see  how  the  water  can  be  con- 
taminated, that  may  be  because  you  are  not  sufficiently 
experienced ; but,  however  great  your  experience,  you 
are  perfectly  safe  in  asserting  the  belief  that  it  is  going 
upon  a wrong  principle. 

The  water-closets  may,  however,  be  supplied  by 
subsidiary  cisterns,  fed  from  the  one  main  cistern. 
Cisterns  are  supplied  with  water  by  means  of  a tap, 
which  goes  by  the  name  of  the  ball-cock  or  ball-valve, 
from  having  attached  to  it  a hollow  copper-ball  filled 
with  air.  The  water,  as  it  comes  into  the  cistern, 
raises  up  the  ball,  and  the  cistern  is  filled  to  a certain 
height.  As  soon  as  it  has  reached  a certain  point, 
the  ball  rising  closes  the  valve.  Supposing  that  this 
ball- valve  does  not  act  for  some  reason  or  another  (and 
you  must  always,  in  all  contrivances,  provide  for  their 
getting  out  of  order),  as  from  rust,  which  prevents  the 
ball  rising  easily,  the  water  rises,  and  the  ball  remains 
sunk,  then  the  valve  does  not  get  closed,  and  you  have 
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the  house  flooded,  unless  you  have  some  contrivance 
by  which  the  water  can  get  away.  So,  too,  suppose 
the  ball  does  float,  and  does  rise,  and  from  the  tap 
having  become  worn  out  the  water  does  not  get  quite 
turned  off,  or  if  turned  off,  yet  the  water  continues 
running,  then  you  will  have  the  water  overflowing 
into  the  house,  unless  you  have  some  arrangement  to 
prevent  such  a disaster.  Well,  that  contrivance  is  pro- 
vided by  means  of  a waste-pipe,  or  overflow  pipe,  as  it 
is  called.  It  is  generally  placed  near  one  corner  of 
the  cistern,  beginning  just  above  the  level  of  the  water 
when  the  cistern  is  full,  and  it  comes  down  through  the 
bottom  of  the  cistern,  so  that  whenever  the  water  goes 
on  running,  as  soon  as  it  gets  up  to  the  level  of  the  top 
of  the  waste-pipe,  it  flows  over  and  runs  away. 

Now,  a most  important  question  is,  Where  does  the 
waste-pipe  go  to  ? In  almost  all  old  houses  in  London 
the  waste-pipe,  even  if  the  cistern  be  at  the  top  of  the 
house,  goes  straight  down  through  the  house  into  the 
drain  below.  It  does  so  in  many  new  houses,  and 
when  it  does  not  actually  do  that,  it  very  often  goes 
into  one  of  the  pipes  leading  into  the  drain. 

Now,  the  cistern  is  commonly  covered  over,  and 
rightly  so,  to  keep  it  free  from  dust,  and  so  you  see  the 
air  over  the  water  in  the  cistern  is  placed  in  direct  com- 
munication by  the  waste-pipe  with  the  air  in  the  drain  ; 
and  in  a very  large  number  of  houses  the  only  way  that 
the  foul  air  can  get  out  of  the  drain  at  all  is  by  getting 
up  the  waste-pipe  of  the  cistern,  and  so  the  foul  matters 
are  absorbed  by  the  drinking  water,  and  it  becomes  foul 
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and  unfit  to  drink,  the  result  being  disease  in  the 
household.  I am  convinced  that  the  greater  proportion 
of  cases  of  typhoid  fever  in  London  are  caused  by 
the  air  of  the  drain  getting  into  the  drinking  water 
cistern. 

How  can  this  be  prevented  ? It  can  be  avoided  by 
making  the  waste-pipe  end  anywhere  except  in  the 
drain.  It  does  not  matter  much  where  it  ends.  It  is 
only  of  use  when  there  is  something  wrong  with  the 
ball-cock,  so  that  the  water  overflows,  or  when  it  is  neces- 
sary to  clean  out  the  cistern,  which  is  done  by  taking 
out  that  part  of  the  pipe  which  stands  up  in  the  cistern, 
letting  the  water  run  away,  and  then  cleaning  the  cistern 
out  down  the  waste-pipe.  This  pipe  should  be  made  to 
end  somewhere  out  of  doors — say  over  the  yard  or  over 
the  top  of  a rain  water-pipe,  or  on  the  leads  or  the 
roof.  Take  it  straight  through  the  wall,  and  let  it  end 
in  the  open  air. 

Sometimes,  instead  of  a waste-pipe  of  that  kind, 
an  opening  is  merely  made  in  one  side  of  the  cistern 
above  the  level  of  the  water,  and  then  if  the  water  ever 
rises  up  to  that  it  flows  over  on  to  the  roof  or  on  the 
leads,  and  if  the  cistern  is  out  on  the  leads  this  is  all 
that  is  necessary. 

I have  seen  sometimes,  with  a cistern  out  of  doors 
upon  the  leads,  the  waste-pipe  taken  through  the  bottom, 
down  through  the  rooms  below,  through  the  basement, 
and  into  the  drain  or  sewer  below  the  house. 

There  is  a cistern  which  is  called  the  self-cleansing 
cistern,  the  bottom  of  which  slopes  in  all  directions  to- 
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wards  the  middle  point,  and  at  that  point  the  waste-pipe 
is  placed,  and  it  is  a waste-pipe  that  can  he  lifte'd.  At 
or  just  above  the  level  of  the  water  when  the  cistern 
is  full,  there  are  holes  in  the  waste-pipe,  so  that  when- 
ever the  water  rises  higher  than  it  should  be  it  flows 
away  through  the  holes  down  the  waste-pipe.  By  means 
of  a lever,  which  is  fixed  to  the  waste-pipe  above  the 
cistern,  the  pipe  can  he  raised  out  of  the  socket  in 
which  it  fits,  and  then  all  the  water  runs  out  of  the 
cistern,  and  as  the  bottom  of  the  cistern  slopes  towards 
the  aperture  in  the  middle,  the  water  flowing  away 
washes  out  any  sediment  there  may  be. 

It  is  now  a very  common  practice  to  have  a filter  in 
the  cistern  to  prevent  suspended  particles  in  the  water 
from  being  drawn  off  at  the  tap,  but  I must  tell  you 
that  most  of  these  filters  do  very  little  else  than  prevent 
suspended  matters  from  getting  into  the  water  drawn, 
because  they  cannot  be  sufficiently  aerated.  There  is  one 
disadvantage  to  this  plan,  and  that  is,  that  whenever 
the  tap  is  turned  on,  there  is  a suction  of  water  towards 
the  filter,  and  the  suspended  matters  in  the  water  get 
attached  to  the  outside  of  the  filter.  In  some  the  water 
is  made  to  pass  through  a piece  of  sponge,  which, 
after  a time,  becomes  full  of  impurities,  and  the  water 
is  worse  after  passing  through  it  than  before. 

There  is  a device  by  which  the  water  is  admitted 
through  a tap,  carried  down  by  means  of  a pipe  into 
a circular  space  which  is  outside  the  filtering  material, 
but  yet  separated  from  the  water  in  the  cistern,  and 
passes  out  at  another  place,  so  that  it  continually 
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washes  the  surface  of  the  filter,  while  a certain  por- 
tion of  it  passes  through  the  filtering  material,  and  so 
into  the  compartment  from  which  filtered  water  is  drawn 
by  the  tap. 

There  is  another  thing  worth  bearing  in  mind,  and 
that  is,  that  a filter  in  a cistern  requires  air,  because, 
when  you  are  drawing  off  water  from  the  tap,  you  are 
drawing  it  off  faster  than  water  can  come  into  the 
filtering  material,  so  air  is  allowed  to  come  in  through 
an  air-pipe  into  the  filtering  materiaL  Another  ad- 
vantage that  that  air-pipe  has,  is  that  the  top  of  it 
can  be  connected  with  the  water-tap,  and  so  water  can 
be  driven  by  means  of  it  through  the  filtering  material, 
so  as  to  cleanse  it. 

Among  refuse  matters  that  have  to  be  removed  from 
habitations  there  is  first  what  is  called  clust.  You 
know,  in  most  of  our  large  towns,  it  is  collected  in 
receptacles  of  some  kind  or  another. 

Two  or  three  things  to  be  said  with  regard  to  the 
place  where  these  should  be.  In  the  first  place,  they 
ought  not  to  be  built  against  the  walls  of  dwelling- 
rooms,  as  the  rooms  may  be  rendered  unhealthy  with- 
out being  rendered  damp,  and  I have  known  many 
dwelling-rooms  rendered  very  unhealthy  by  the  dust- 
bins being  built  against  their  walls.  The  next  thing  is 
that  nothing  except  ashes  should  be  thrown  into  the 
dust -bin.  All  organic  kitchen  refuse  ought  to  be 

burnt,  and  not  allowed  to  accumulate.  If  put  into  the 
dust-bin  it  certainly  becomes  a nuisance.  It  can  be 
burnt  if  it  be  thrown  on  the  kitchen  fire  the  last  thing 
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at  night,  when  the  kitchen  fire  has  just  been  allowed  to 
go  out,  and  it  will  dry  gradually  during  the  night,  and 
can  then  easily  be  burnt  in  the  morning,  and  no  kind 
of  unpleasantness  is  caused  if  this  is  done  regularly 
every  day.  It  is  as  necessary  also  to  remove  refuse 
matters  generally  from  the  neighbourhood  of  habita- 
tions, as  it  is  to  get  rid  of  refuse  matters  from  our 
bodies. 

We,  as  you  know,  are  continually  separating  out 
from  our  blood  impurities,  and  we  ought  to  ns  regu- 
larly get  rid  of  all  refuse  matters  from  the  neighbour- 
hood of  our  dwellings. 

If  not  got  rid  of  they  produce  disease,  and  in  every 
place  where  refuse  matters  are  not  got  rid  of  speedily, 
there  is  a high  death-rate,  and  especially  a large  propor- 
tion of  deaths  among  infants. 

These  refuse  matters  get  either  into  the  water  which 
is  drunk,  or  into  the  air  which  is  breathed,  or  into  both, 
and  cause  a general  low  state  of  health.  The  effects  on 
the  death-rate  of  infants  are  bad,  because  infants  are 
peculiarly  susceptible  to  disorders  caused  by  foul  organic 
matters.  Cholera  and  typhoid  fever  are  diseases  which 
especially  prevail  in  communities  where  the  refuse 
matters  are  allowed  to  accumulate  in  and  about  the 
houses. 

There  are  a great  many  plans  by  which  refuse 
matters  are  removed  from  houses  and  from  towns. 
There  are,  however,  two  particular  systems — the  first  of 
which  goes  by  the  name  of  the  conservancy  system,  and 
the  second  by  that  of  the  water-carriage  system. 
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The  name  of  the  conservancy  system  condemns  it 
at  once — I have  told  you  it  is  of  the  first  importance 
lor  the  health  of  the  community  that  refuse  matters 
should  be  removed  from  habitations— as  it  shows  that 
the  very  principle  upon  which  this  system  depends  vio- 
lates one  of  the  first  laws  of  health,  viz.,  that  refuse 
matters  ought  not  to  be  kept  or  allowed  to  accumulate 
in  the  neighbourhood  of  habitations. 

A great  many  plans  have  been  tried : sometimes 
refuse  matters  are  collected,  as  in  Edinburgh,  without 
anything  being  mixed  with  them  at  all ; sometimes 
they  are  collected  and  mixed  with  the  ashes  provided 
by  the  fires  ; sometimes  they  are  collected  and  mixed 
with  dry  earth,  according  to  the  dry  earth  system 
brought  into  notice  by  the  Eev.  Henry  Moule ; some- 
times they  are  collected  and  mixed  with  a deodor- 
ising or  disinfecting  substance  ; but  whatever  the  plan 
is  there  is  the  same  mistake  all  round — they  are  kept 
in  or  about  the  houses  as  long  as  they  are  not  a nuis- 
ance ; that  is  the  theory  upon  which  these  methods  all 
go.  It  is  essentially  a wrong  principle;  in  a certain 
number  of  instances  they  will  be  kept  until  they  are  a 
nuisance,  and  necessarily  kept,  therefore,  until  they  are 
poisonous.  And  you  can  see,  also,  that  an  enormous 
disadvantage  in  these  systems  is  the  expense  of  cartage 
— the  expense  of  carrying  the  refuse  matters  away  ; and 
in  the  case  of  the  dry  earth  system  there  is  the  addi- 
tional expense  of  collecting  the  earth,  drying  it,  and 
carrying  it  into  places  that  are  to  be  supplied.  You  can 
see  at  once,  for  these  systems  to  work  economically,  it 
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is  advantageous  to  leave  the  refuse  matters  in  and 
about  the  habitations  as  long  as  possible,  because  the 
less  it  is  necessary  to  send  round  carts  to  collect  it,  the 
less  expense  the  arrangement  will  entail ; so  that  all 
these  plans,  if  they  are  carried  out  economically,  are 
more  likely  to  be  injurious  to  the  health  of  the  com- 
munity ; and  in  all  towns  in  which  refuse  matters  are 
disposed  of  in  this  way,  although  it  may  happen  that  the 
system  as  now  carried  out  is  better  than  the  systems 
which  were  carried  out  ten  years  ago,  still  in  all  towns 
where  refuse  matters  are  left  for  a certain  time,  and 
carried  away  bodily,  there  is  a high  death-rate,  and  a 
comparatively  low  condition  of  health.  Now,  these 
systems,  including  the  dry  earth  system,  are  none  of 
them  fit  for  towns,  but  they  are  suited,  under  certain 
circumstances,  for  small  villages,  and  for  large  tem- 
porary gatherings,  such  as  cattle-fairs,  horse-shows,  etc., 
and  for  places  where  special  and  particular  attention 
can  be  given  to  them  ; but  they  are  not  suited  for  use 
in  the  midst  of  large  collections  of  human  beings. 

We  will  pass  on  to  the  consideration  of  the  system 
which  is  in  use  in  London — the  water-carriage  system. 
With  any  system  you  must  have  pipes  to  get  rid  of  the 
foul  water,  and  in  ninety-nine  out  of  a hundred  cases  it 
is  a great  advantage  to  get  rid  of  all  refuse  matters  at 
once,  and  for  that  reason  the  water-carriage  system  com- 
mends itself. 

One  of  the  reports  from  India  on  the  dry  earth 
system,  which  has  been  carried  out  there  very  largely, 
states  that  in  every  well-organised  community — they 
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are  speaking  of  barracks,  and  what  is  true  of  them  is  also 
true  of  houses  and  towns— the  foul  water  that  has  to 
be  got  rid  of  is  to  the  refuse  matter  that  can  be  removed 
by  the  dry  earth  system  as  190  is  to  1.  It  is  perfectly 
absurd  to  have  two  systems,  one  to  carry  away  foul 
water,  and  another  to  carry  away  foul  refuse  matters, 
bearing  the  proportion  of  190  to  1.  Foul  water  has  to 
be  got  rid  of  from  houses,  and  so  we  must  have  pipes  to 
get  rid  of  it.  These  pipes  we  call  sewers.  The  foul 
water  must  not  be  allowed  to  get  out  of  the  pipes  into 
the  soil  below  the  houses,  and  so  they  require  to  be 
made  water-tight ; it  will  not  do  to  have  the  sewers 
below  the  houses  (commonly  called  the  house  drains) 
made  of  bricks,  or  other  pervious  materials,  as  was  the 
case  with  all  the  old  house  drains  of  the  metropolis. 
Drains  or  sewers  to  carry  away  foul  water  require  to  be 
impervious  in  order  that  the  water  may  not  get  out  into 
the  soil ; they  are  now  commonly  made  of  the  material 
known  as  glazed  stoneware,  with  socketed  joints  care- 
fully cemented  ; thus  the  foul  water  can  get  away  from 
the  houses  by  these  pipes  without  getting  into  the  soil 
underneath,  and  without  getting  into  the  water  if  the 
house  is  supplied  by  a well. 

The  pipe  that  conveys  foul  water  away  from  the 
house  must  end  in  the  common  sewer  of  the  district, 
and  where  it  joins  the  street  sewer  a very  common  plan, 
and  not  at  all  a bad  plan,  is  to  put  a heavy  metal  flap 
hung  on  hinges  at  the  mouth  of  it ; the  foul  water  run- 
ning down  from  the  house  pushes  open  the  flap  and 
falls  into  the  sewer,  but  as  soon  as  it  has  done  runniug, 
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the  flap  shuts.  That  simple  contrivance  works  very  well 
so  long  as  it  is  in  order,  and  it  can  be  examined  from  the 
inside  of  the  sewer  ; it  is  used  very  largely  in  London. 

Upon  the  house  sewer  it  is  usual  to  put  some  kind 
of  water-trap.  Now,  the  water-trap,  whatever  be  its 
form,  and  there  are  a great  many  varieties,  is  essentially 
a bend  in  a pipe  which  will  hold  water  ; the  simplest  is 
the  so-called  syphon,  or  U shaped  bend  ; when  water 
is  poured  down  it  will  remain  in  the  bend  up  to  a 
certain  level,  so  that  the  water  will  prevent  air  from 
coming  into  the  house  through  the  pipe,  from  the  sewer. 
But  remember  always  this,  that  water-traps  are  things 
that  cannot  be  relied  on : they  will  prevent  great 
draughts  of  air  from  coming  out  of  the  pipes  when  there 
is  water  ; but  suppose  there  is  water  in  them,  then  foul 
matters  in  the  air  on  one  side  are  absorbed  into  the 
water  and  given  out  from  the  surface  on  the  other  side 
into  the  house  ; that  has  been  shown  perfectly  clearly  by 
experiment.  Matters  of  various  kinds  can  be  absorbed 
on  one  side  of  the  water-trap  and  given  off  on  the  other 
side,  so  that  you  cannot  rely  upon  water-traps  alone  to 
prevent  foul  matters  in  the  sewers  getting  up  into  the 
house.  You  must  rely  on  something  else,  and  that  is 
ventilation,  a means  of  escape,  or,  if  possible,  a forced 
escape,  of  the  air  from  the  sewer  into  the  open  air,  so 
that  from  every  house  sewer  there  ought  to  be  one  or 
more  four-inch  pipes  rising  up  outside  the  house  from 
the  highest  points  of  the  sewer,  and  going  above  the  tops 
of  the  houses  into  the  open  air.  These  pipes  may  be 
continuations  of  the  soil-pipes,  but  must  not  be  rain 
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water-pipes  unless  the  top  of  these  pipes  is  at  a con- 
siderable distance  from  any  window. 

It  is  frequent  now,  and  a very  good  practice,  to 
make  an  air  opening  at  about  the  level  of  the  ground, 
leading  into  the  drain  just  on  the  house  side  of  the 
trap  which  separates  the  drain  or  house  sewer  from 
the  main  sewer,  and  this  is  a very  good  plan  provided 
the  opening  is  not  too  near  to  a window,  as  where  it 
is  adopted  foul  air  cannot  accumulate  in  the  drain. 

I have  already  spoken  about  the  waste-pipe  Of  the 
cistern,  and  that  ought  always  to  end  outside  the  house 
in  the  open  air.  The  other  pipes  that  ought  to  end  in  the 
same  way  outside  the  house,  and  that  very  seldom  do, 
are  the  waste-pipes  from  the  sinks,  from  the  bath,  and 
all  waste-pipes  of  that  kind  ; they  all,  as  a rule,  go  into 
the  drain.  You  will  say,  if  you  allow  these  pipes  to  end 
over  the  yard,  the  yard  gets  into  a great  mess,  but  then 
that  is  better  than  to  have  half  a dozen  pipes  going  into 
the  drain,  and  allowing  foul  air  to  get  into  the  house 
through  them.  You  can,  however,  avoid  that  in  several 
ways.  There  must  be  some  kind  of  trap  to  carry  away 
the  rain  water.  Now,  sometimes  the  syphon  trap  is 
used,  a trap  with  an  open  gully,  and  then  a syphon- 
pipe  leading  from  it,  so  that  it  holds  water  up  to  a 
certain  level,  and  a very  excellent  kind  of  trap  it  is. 
If  you  want  to  make  a sink-pipe  or  bath-pipe  end 
away  from  the  drain,  you  need  not  have  the  end  over 
the  surface  of  the  yard,  but  you  can  have  one  of  these 
syphon-traps  with  a hole  in  the  side  which  is  above 
the  level  of  the  water  in  the  gully,  so  that  the  waste- 
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pipe  comes  in  under  the  grating,  but  above  the  water 
in  the  trap,  and  is  thus  completely  disconnected  from 
the  drain. 

In  order  to  prevent  foul-smelling  air  coming  up 
sink  waste-pipes,  it  is  well  to  have  a trap  of  some 
kind  below  the  sink,  not  for  the  sake  of  keeping  out 
drain  air,  hut  for  the  sake  of  preventing  a draught 
from  coming  in  tainted  with  foul  matter  from  the  waste- 
pipe  itself.  There  ought,  then,  to  be  a syphon-trap 
immediately  below  the  sink,  and  it  is  a good  plan  to 
have  one  with  an  opening  closed  by  a screw  cap  for  the 
purpose  of  clearing  the  trap  in  case  it  should  get  stopped 
up.  Sometimes  what  is  called  a D trap,  from  its  shape, 
is  used  for  this  purpose.  The  pipe  ought  to  be  carried 
through  the  wall  and  made  to  end  in  the  side  of  a 
syphon-trap  underneath  the  grating,  but  above  the  level 
of  the  water  in  the  trap,  so  that  practically  the  pipe  is 
cut  off  from  the  drain.  Tor  downstairs  sinks  there 
is  a trap  which  does  admirably  well,  and  requires  no 
trap  to  be  placed  upon  the  sink-pipe  ; it  is  called  the 
Mansergh-trap.  The  sink-pipe  goes  in  through  an 
aperture  in  the  side  of  it  into  one  compartment,  and 
is  turned  downwards,  so  that  the  sink-pipe  is  trapped 
itself  in  the  water  contained  in  the  first  compart- 
ment ; then  the  water  flows  from  the  first  compart- 
ment through  an  aperture  into  the  second  compartment, 
and  over  these  two  compartments  there  is  a loose  iron 
lid  with  openings  in  it,  and  then  from  the  second  com- 
partment the  water  flows  under  a partition  into  a third, 
which  is  closed,  and  from  the  third  compartment  it 
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flows  through  an  outlet  into  the  drain,  and  there  is 
another  outlet  in  the  third  compartment  to  which  a 
ventilating-pipe  may  be  attached. 

I warn  you  against  having  openings  of  any  kind 
into  the  drains  from  the  basement.  It  is  a very 
common  thing  to  have  a trap  under  the  tap  for  the 
kitchen  boiler,  leading  into  the  drain ; these  are  most 
dangerous  things  to  have.  If  the  sinks,  baths,  and 
waste-pipes  are  cut  off  it  is  perfect  folly  to  have  traps 
in  the  floor  of  the  house  connected  with  the  drain,  and 
the  greatest  danger  of  all  is  to  have  a trap  of  the  kind 
commonly  known  as  the  bell-trap,  in  the  floor  of  the 
house  connected  with  the  drain  ; it  is  one  of  the  worst 
contrivances  ever  devised,  and  has  no  redeeming  point. 
It  consists  of  an  iron  box  through  the  bottom  of  which 
a pipe  passes  to  the  drain  ; the  cover  is  a perforated 
plate  which  has  a bell-shaped  piece  of  metal  fixed  into 
its  under  surface  ; when  the  cover  is  in  place  the  bell  is 
immediately  over  the  top  of  the  pipe  which  projects 
above  the  bottom  of  the  box,  and  the  rim  of  the  bell 
dips  into  the  water,  which  of  course  stands  in  the  box 
at  the  level  of  the  mouth  of  the  pipe.  The  disad- 
vantages it  has  are  : that  the  water  is  only  about  half 
an  inch  deep,  so  that  the  pressure  of  the  air  in  the  drain 
is  often  sufficient  to  drive  the  foul  air  through  that 
small  quantity  of  water;  the  difference  between  the 
temperature  of  the  air  in  the  kitchen  and  that  in  the 
drain  is  sufficient  to  cause  this  foul  up-draught, 
especially  when  some  of  the  water  has  evaporated, 
and  that  whenever  the  top  is  removed  the  trap  is  gone, 
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and  these  traps  do  not  let  the  water  run  very  readily, 
consequently  the  trap  is  frequently  taken  up,  and  the 
foul  air  gets  into  the  house,  causing  diarrhoea,  typhoid 
fever,  and  so  on. 

Water-closets  should  be  of  as  simple  a construction 
as  possible  ; hopper  closets  with  flushing  rims  and  1£- 
inch  supply-pipes  are  well  suited  for  general  use.  Pan 
closets  are  bad  contrivances,  on  account  of  the  large 
iron  “ container  ” which  always  becomes  foul  ; valve 
closets  are  far  better.  D traps  should  never  be  used, 
but  always  S or  P traps,  and  when  a leaden  tray  or 
“safe”  is  placed  under  a water-closet  or  a bath,  the 
waste-pipe  from  it  must  go  through  the  wall  into  the 
open  air,  and  not  be  joined  to  the  closet  trap. 

With  regard  to  sanitary  matters  connected  with 
towns,  all  sewers  of  towns  ought  to  be  well  ventilated 
at  the  level  of  the  streets,  else  foul  air  will  come  from 
them  into  the  houses.  The  common  sewers  of  towns 
ought  always  to  end  freely  ; if  they  end  under  the  level 
of  the  sea  or  of  a river,  the  water  will  be  backed  up 
in  them  some  time  or  another,  and  foul  air  will  be  pro- 
duced in  the  sewers  and  spread  disease  in  the  town. 
The  only  instances  in  which  adoption  of  the  water- 
carriage  system  in  towns  has  been  attended  with  an 
increase  in  the  death-rate  from  typhoid  fever  have  been 
instances  in  which  the  common  sewer  has  ended  under 
water.  In  all  other  instances,  without  exception,  where 
the  water-carriage  system  has  been  introduced,  the 
death-rate  from  this  fever  has  been  diminished,  and 
cholera  abolished.  What  is  to  he  done  with  the  sewage 
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from  the  towns  ? It  is  commonly  turned  into  rivers. 
The  Romans  found  out  how  convenient  the  drains  were 
to  convey  refuse  matter  away  from  the  towns,  and  the 
natufal  place  to  end  the  drains  was  the  river,  and  that 
is  why  our  sewers  now  in  the  great  majority  of  cases 
end  in  the  rivers.  The  evils  of  this  are  that  the  sewage 
makes  the  rivers  foul,  renders  the  water  unfit  to  drink, 
and,  in  the  case  of  small  rivers  at  any  rate,  the  sediment 
blocks  up  their  course. 

Sewage  should  be  got  rid  of  upon  the  land,  and 
although  there  are  very  great  difficulties  in  the  way  of 
it,  I can  safely  say  that  there  is  no  other  system  that 
has  been  suggested  which  is  capable  of  purifying  sewage 
water.  Irrigation  farms  should  be  carried  out  upon  the 
principle  of  downward  filtration,  and  though  it  is  the 
exception  for  them  to  be  made  to  pay,  still  I think  you 
will  all  agree  that  if  it  is  the  best  way  by  which  this 
water  can  be  purified,  so  that  it  shall  be  fit  to  run  into 
the  streams  again,  it  ought,  whenever  practicable,  even 
at  a certain  amount  of  expense,  to  be  carried  out,  and  if 
we  cannot  make  it  successful  from  a monetary  point  of 
view,  we  shall  most  certainly  derive  from  it  very  valu- 
able crops  of  grass,  which  forms  excellent  food  for  cattle 
to  supply  us  with  milk,  the  food  which  is  specially 
needed  for  the  children  in  all  our  large  towns  ; one 
of  the  most  important  causes  of  the  great  mortality 
among  the  children  in  our  towns  has  been  shown  to  be 
due  to  the  want  of  milk  for  them,  and  this  want  may  be 
most  certainly  supplied  by  large  grass  farms  irrigated 
with  the  foul  water  from  our  large  towns. 
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SMALLPOX. 

I AM  going  to  speak  to  yon  this  evening  about  one 
disease.  If  yon  ask  why  I single  out  this  disease  from 
all  the  rest,  I do  so  because  it  is,  as  is  acknowledged 
by  all  who  know  anything  about  the  subject,  the  most 
fearful  disease  that  has  ever  afflicted  the  world,  namely, 
Smallpox. 

Now,  in  order  to  give  those  of  you  who  do  not 
know  what  this  disease  is  an  idea  of  it,  I should  like  to 
read  the  eloquent  words  of  Dr.  Parkes  : — “ Smallpox 
is  now  so  seldom  seen  that  there  must  be  millions  of 
people  who  have  no  true  idea  of  it,  and  do  not  know  its 
history.  It  is,  in  my  opinion,  the  most  frightful  malady 
which  afflicts  us.  To  see  a bad  case  of  smallpox,  the 
thick  crust  of  eruption  masking  the  entire  face  and  head  ; 
the  swollen,  distorted  features,  which  make  the  person 
unrecognisable  ; the  closed  eyes,  half  glued  together  by 
matter,  and  the  swollen,  open,  dribbling  mouth ; the 
swollen,  nerveless,  shaking  hand  ; all  form  a sight  never 
to  be  forgotten ; and  whoever  has  seen  this  can  see, 
except  leprosy,  few  things  more  loathsome.  And  when 
it  is  also  found  that  this  disease  is  in  the  highest  degree 
contagious,  and  is  caught  most  readily  from  person  to 
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person,  nothing  is  wanting  to  give  it  the  first  rank  in 
the  horrible  incidents  of  life.” 

I should  like  also  to  give  you  a little  idea  of 
what  this  disease  is  when  introduced  into  a commun- 
ity for  the  first  time,  and  I will  read  to  you  some 
extracts  from  Dr.  Guy’s  excellent  little  work  on  Public 
Health. 

“ Here  is  what  Alexander  Mackenzie  says  of  the 
disease  as  it  attacked  the  North  American  Indians.  It 
was  as  a fire  consuming  the  dry  grass  of  the  field.  The 
infection  spread  with  a rapidity  which  no  flight  could 
escape,  and  with  a fatal  effect  which  nothing  could 
resist.  ‘ It  destroyed  with  its  pestilential  breath  whole 
families  and  tribes.’  After  picturing  the  scene  pre- 
sented by  the  dead  and  dying,  and  the  putrid  carcasses 
dragged  out  of  the  huts  by  the  wolves,  or  mangled  in- 
side by  the  dogs  feasting  on  the  disfigured  remains  of 
their  masters,  he  finishes  by  telling  us  that  it  was  not 
‘ uncommon  for  the  father  of  a family,  whom  the  infec- 
tion had  not  reached,  to  call  them  around  him,  to  re- 
present the  cruel  sufferings  and  horrid  fate  of  their 
relations  from  the  influence  of  some  evil  spirit  who  was 
preparing  to  extirpate  their  race,  and  to  incite  them  to 
baffle  death,  with  all  its  horrors,  by  their  own  poniards. 
At  the  same  time,  if  their  hearts  failed  them  in  this 
necessary  act,  he  was  himself  ready  to  perform  the 
deed  of  mercy  with  his  own  hand,  as  the  last  act  of  his 
affection,  and  instantly  to  follow  them  to  the  common 
place  of  rest  and  refuge  from  human  evil.’  To  the 
same  effect  is  the  Rev.  Mr.  Cordiner’s  description  of 
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the  ravages  of  the  smallpox  in  Ceylon,  where,  accord- 
ing to  a very  moderate  calculation,  it  carried  off  a sixth 
of  the  inhabitants.  We  are  told  that  the  disease  in- 
spired the  people  with  such  terror  that  husbands  for- 
sook their  wives,  and  parents  their  children,  leaving 
them  only  a little  drink  and  food ; that  wild  beasts 
attacked  and  destroyed  the  abandoned  villages  ; and 
that  not  even  the  bones  of  the  deserted  sick  were  after- 
ward$  to  be  found.” 

I will  give  you  one  more  case  of  the  same  class.  “ A 
Dutch  ship,  with  smallpox  on  board,  put  into  the  Cape 
of  Good  Hope,  and  the  captain  sent  the  foul  linen 
ashore  to  be  washed.  The  smallpox  broke  out  among 
the  Hottentots  who  washed  the  clothes,  and  killed  most 
of  them.  It  then  spread  up  the  country  to  such  an 
extent  that  the  native  tribes  at  last  drew  a cordon  round 
the  infected  places,  and  shot  all  who  tried  to  pass  be- 
yond it.  This  fact,  cited  from  Dr.  Mead,  affords  a good 
illustration  of  the  liability  of  the  disease  to  be  conveyed 
in  articles  of  clothing.” 

This  disease  is  no  respecter  of  persons  ; it  is  recorded 
that  the  father,  the  mother,  the  wife,  an  uncle,  and  two 
of  the  cousins  of  our  King  William  the  Third  died  of 
smallpox,  and  that  he  himself  was  severely  marked 
with  it. 

In  the  last  century,  in  England,  there  were  thirty- 
four  decided  epidemics  of  smallpox,  or  about  one  every 
three  years  ; and  during  that  time  there  were  five  severe 
epidemics.  You  will  understand  what  I mean  by  severe 
epidemics  when  I tell  you  that  they  caused  more  than 
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one  hundred  and  fifty  out  of  every  thousand  deaths 
from  all  causes  ; an  enormous  percentage. 

So  far  from  decreasing  towards  the  end  of  last  cen- 
tury, as  has  been  stated,  the  most  fatal  year  of  smallpox 
in  England  was  the  year  1796,  in  which  year  no  less  than 
184  persons  out  of  every  1000  who  died,  died  from  small- 
pox, and  the  five  severe  epidemics  all  occurred  during 
the  last  half  of  the  century ; so  you  see  that  at  the 
end  of  last  century  smallpox  was  not  decreasing.  On 
an  average  during  the  last  century  it  caused  in  England 
one  death  out  of  every  twelve  from  all  causes,  and  it 
killed  about  one  out  of  every  five  it  attacked.  It 
was  a disease  especially  fatal  to  children.  Like  scarlet 
fever,  measles,  whooping  cough,  and  diphtheria,  it  was 
far  more  fatal  to  children  than  to  adults.  It  is  calcu- 
lated that  it  caused  half  the  deaths  of  children  under 
ten  years  of  age.  Dr.  Guy  says,  speaking  of  the  statistics 
of  this  disease,  “ If  I read  the  figures  aright  they  point 
to  a disease  always  specially  greedy  of  the  blood  of 
children,  but  sometimes  feasting  upon  them  to  repletion, 
and  then  waiting  with  cruel  patience  till  the  lapse  of 
time  had  provided  a fresh  repast.” 

It  is  rarely  that  people  have  smallpox  more  than 
once  ; but  yet  there  are  not  a few  cases  on  record  where 
the  same  person  has  had  it  twice,  and  a certain  number 
three  times,  and  even  more,  so  that  it  is  at  any  rate  pos- 
sible to  have  it  more  than  once  ; and  when  a person  has 
it  twice,  very  frequently  it  is  worse  the  second  time 
than  the  first  time,  and  not  unfrequently  he  dies  of  it ; 
so  that  we  may  fairly  conclude  that  persons  who  have  it 


SMALLPOX. 


325 


twice,  or  three  times,  are  persons  who,  for  some  reason 
or  another,  have  a natural  susceptibility  to  this  parti- 
cular disease. 

Now,  the  first  thing  that  was  done  with  the  view  of 
diminishing  the  mortality  from  smallpox  was  a most 
extraordinary  one.  Where  it  was  found  out  nobody 
knows.  No  doubt  it  was  in  the  regions  from  which 
smallpox  came,  viz.,  from  the  East.  Smallpox  came  from 
Asia.  It  was  found  in  Europe  in  the  sixth  century  after 
Christ,  brought  by  the  Saracens  ; and  it  was  taken  from 
Europe  to  America  by  the  Spaniards.  It  was  found 
that  if  a person  were  inoculated  with  the  poison  of 
smallpox  he  was  not  so  likely  to  die  as  he  was  if  he 
caught  the  disease  in  the  ordinary  way,  and  inoculation 
was  practised,  nobody  knows  how  long,  in  various  parts 
of  Asia.  It  was  introduced  into  Constantinople  in  1673, 
and  from  there  it  was  brought  to  notice  in  England  in 
1717  by  Lady  Wortley  Montague.  She  writes,  “Every 
year  thousands  undergo  this  operation,  and  the  French 
Ambassador  pleasantly  says  that  they  take  the  small- 
pox here  by  way  of  diversion,  as  they  take  waters  in 
other  countries.” 

The  practice  of  inoculating  people  with  the  poison 
of  smallpox  was  tried  under  the  sanction  of  the  Eoyal 
Society  upon  six  condemned  criminals.  I mention  this 
because  it  shows  that  in  1717  they  had  the  good  sense 
to  make  criminals  useful.  I must  confess  that  if  I were 
a condemned  criminal  I would  rather  die  of  poison 
than  be  hanged.  It  is  curious  to  notice  the  steps  they 
took ; they  first  tried  it  upon  these  criminals,  “ next 
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five  pauper  children  of  St.  James’s ; then  the  children 
of  a few  families  of  distinction  ; and,  to  crown  all, 
their  Majesties,  acting  on  the  cautious  advice  of  Sir 
Hans  Sloane,  had  all  the  royal  children  submitted  to 
the  operation.”  (Dr.  Guy.) 

I submit  that  that  is  a most  extraordinary  fact  that 
they  should  take  the  poison  of  the  most  abominable 
disease  that  the  world  has  ever  seen  and  inoculate  people 
of  all  classes  of  society  up  to  the  Eoyal  families  of 
Europe  with  it.  Now  what  can  that  mean  ? There  is  no 
way  of  getting  out  of  it  except  this,  that  the  disease  was 
so  widely  spread  that,  practically  speaking,  the  whole 
population  were  certain  to  take  it ; and  it  shows  us  that 
it  was  not  worth  while  to  run  the  chance  of  not  getting 
it.  What  would  anybody  say  if  I were  to  propose  now 
to  inoculate  people  with  scarlet  fever ; they  would  say 
that  it  was  a monstrous  proposition,  and  why  ? because 
the  whole  population  is  not  obliged  to  have  scarlet  fever, 
it  does  not  disfigure  people,  it  does  not  cause  so  many 
deaths  as  smallpox  did  ; the  only  way  we  can  account 
for  inoculation  being  practised  is  that  the  whole  popu- 
lation were  so  imbued  with  the  dread  of  smallpox  that 
they  would  rather  do  anything  than  run  the  risk  of 
catching  it,  otherwise  it  is  the  last  thing  you  would 
expect  anybody  to  do — to  inoculate  themselves  and  their 
children  with  the  poison  of  such  a terrible  disease. 

There  is  no  manner  of  doubt  whatever  that  the  lia- 
bility to  die  from  the  disease  was  much  less  when  it  was 
inoculated  than  when  it  was  got  in  the  ordinary  way, 
and  you  can  partly  understand  this  by  the  following 
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considerations  : If  you  catch  a disease  it  is  quite  clear 
you  are  in  a state  in  which  you  are  fit  to  take  it,  but 
if  you  are  deliberately  given  the  disease  you  run  the 
chance  that  you  are  not  in  a condition  in  which  you 
would  catch  it,  and  so  you  run  the  chance  of  being  given 
the  disease  when  you  are  best  able  to  withstand  it. 
And  whereas  natural  smallpox  killed  one  in  every  five, 
inoculated  smallpox  killed  but  one  in  every  fifty  at  first, 
and  afterwards  only  one  in  five  hundred,  when  they 
knew  the  proper  precautions  to  take.  So  that  the  per- 
son inoculated  was  much  less  likely  to  die  from  it. 
But,  on  the  other  hand,  he  became  a centre  of  infection, 
because  he  had  the  disease,  and  other  people  could  take 
it  from  him ; so  the  centres  of  infection  being  multi- 
plied, the  number  of  epidemics  during  the  period  when 
inoculation  was  practised  was  greater  than  before  ; but 
whether  the  actual  mortality  was  greater  or  less  during 
the  inoculation  period  is  a matter  of  dispute.  Dr.  Guy 
decides  that  the  mortality  was  less,  and  that  inoculation, 
in  spite  of  spreading  the  number  of  centres  of  infection, 
actually  lessened  the  number  of  deaths  from  the  disease. 
Some  other  writers  are  of  opinion  that  the  number  of 
deaths  during  the  inoculation  period  was  greater  in  pro- 
portion than  the  number  of  deaths  before,  and  that 
inoculation  of  smallpox  was  a danger  to  the  community. 

Inoculation  with  smallpox  is  now  illegal,  and  rightly 
so,  for  this  reason  : If  you  or  I choose  to  be  inoculated 
with  smallpox  we  have  no  right  to  expose  other  people 
to  the  chance  of  catching  it. 

A somewhat  similar  disease  to  smallpox  affects  other 
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animals  tlian  man ; there  is  a disease  among  cows  called 
the  cow-pox,  one  among  horses  called  the  horse-pox,  and 
one  among  sheep  known  as  the  sheep-pox.  Now,  at  the 
end  of  the  last  century,  there  was  a prevalent  belief 
among  the  peasants  in  Gloucestershire  that  people  who 
had  had  the  cow-pox  could  not  catch  smallpox,  and  they 
were  not  afraid  of  it : no  doubt  many  persons  heard  this, 
but  it  required  a man  to  turn  that  fact  to  advantage. 
That  man  was  found  in  an  English  medical  practitioner 
named  J enner,  who  seized  upon  the  idea  prevalent  among 
these  peasants,  and  in  1795  began  some  experiments,  of 
which,  in  1798,  he  published  the  results.  He  tried  inocu- 
lating persons  with  matter  from  one  of  the  vesicles  of  a 
cow  or  calf  attacked  with  cow-pox,  and  he  made  some 
very  conclusive  experiments  of  which  people  are  not 
generally  aware.  He  inoculated  persons  who  had  had 
the  cow-pox  (dairymaids  and  others),  and  persons  who 
had  been  vaccinated,  with  smallpox  virus,  in  some 
instances  more  than  once,  and  found  that  they  were  not 
capable  of  taking  smallpox  even  when  the  poison  was 
put  into  their  blood. 

He  tried  vaccination  from  a person  who  had  caught 
cow-pox  from  the  cow — from  the  cow  directly,  and  after- 
wards from  the  person  who  had  been  inoculated  from 
the  cow,  and  found  all  equally  successful. 

I could  give  other  instances  of  experiments  made 
while  inoculation  was  legal  to  prove  that  persons  who 
were  inoculated  with  cow-pox  were  not  able  to  take 
smallpox  either  by  inoculation  or  contagion,  and  it  was 
considered  at  that  time  to  be  distinctly  proved. 
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We  do  not  needlessly  make  experiments  of  that  kind, 
and  it  would  not  be  justifiable  now  needlessly  to  expose 
persons  to  the  infection  of  smallpox,  only  I want  you 
all  to  know  that  when  vaccination  was  introduced,  before 
it  was  made  obligatory,  experiments  were  made  on  a 
very  large  scale  indeed.  A pamphlet  was  published  of 
experiments  made  by  various  medical  men,  and  a law 
passed  making  vaccination  gratuitous,  but  not  obligatory ; 
this,  I think,  was  in  1844 ; and  in  1853  vaccination  of 
infants,  before  they  were  three  months  old,  was  made 
compulsory.  The  result  of  this,  up  to  the  year  1860, 
was  published  for  us  by  the  report  of  the  Smallpox  and 
Vaccination  Committee  of  the  Epidemiological  Society. 
The  average  annual  number  of  deaths  in  England  from 
smallpox  during  the  three  years  before  the  vaccination 
laws  was  11,944,  the  average  annual  number  of  deaths 
in  England  during  nine  years  while  vaccination  was 
gratuitous  but  not  compulsory  was  5221,  the  average 
annual  number  of  deaths  in  the  third  period,  from 
1853  to  1860,  when  vaccination  was  compulsory,  was 
3234. 

Mr.  Simon  calculated  some  time  ago  that  the  death- 
rate  at  that  time  among  unvaccinated  people  varied 
from  14|  per  cent  of  those  attacked  to  53 A per  cent, 
and  the  death-rate  of  vaccinated  people  varied  from 
\ per  cent  to  12|  per  cent ; and  Mr.  Marson,  who  was 
for  many  years  resident-surgeon  in  the  smallpox  hos- 
pital, says  that  the  average  death-rate  among  vaccinated 
people  was  about  5^  per  cent  of  those  attacked. 

Suppose  I put  it  in  this  way  then  : I told  you,  you 
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will  remember,  that  in  1796  the  smallpox  caused  184 
deaths  out  of  every  1000  deaths  from  all  causes.  Sup- 
pose we  take  50  years  at  a time,  from  1750  to  1800 
there  were  96  deaths  from  smallpox  out  of  every  1000 
deaths  ; from  1800  to  1850,  including  part  of  the  ino- 
culation period  and  part  of  the  gratuitous  vaccination 
period,  there  were  35  deaths  out  of  every  1000  ; from 
1850  to  1860,  when  vaccination  had  become  compulsory, 
there  were  but  11  deaths  out  of  every  1000.  These 
are  figures  which  no  amount  of  argument  can  explain 
away.  You  may  write  a book  full  of  sophistry  of  all 
kinds  on  the  subject,  but  no  person  of  any  sense  would 
believe  in  any  reasons  that  do  not  take  into  account  the 
facts  proved  by  these  figures. 

A few  more  figures.  In  1853,  before  the  compulsory 
law  was  passed,  a return  was  presented  to  Parliament 
showing  the  mortality  from  smallpox  in  various  places 
in  the  United  Kingdom  where  vaccination  was  prac- 
tised among  people  sufficiently  educated  to  avail  them- 
selves of  it  while  it  was  gratuitous  but  not  compulsory, 
and  showing  at  the  same  time  the  mortality  in  various 
countries  abroad  where  vaccination  was  directly  or  in- 
directly compelled.  It  showed  in  London  16  deaths 
out  of  every  1000,  Glasgow  36,  Connaught  60,  Edin- 
burgh 19  to  20,  Limerick  41,  all  Ireland  49,  and  in 
England  and  Wales  22,  the  smallest  number  thus  being 
in  London.  These  were  the  number  of  deaths  which 
occurred  in  England  when  it  was  proposed  to  make 
vaccination  compulsory.  The  largest  return  that  was 
o-iven  from  abroad,  in  countries  where  vaccination  was 
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directly  or  indirectly  compulsory,  was  for  Saxony,  viz., 
8J.  Several  countries  abroad  had  been  much  before  us 
in  this  matter — we  do  things  slowly  but  surely — but 
many  countries  had  turned  vaccination  to  use,  and 
the  numbers  vary  downwards,  through  Westphalia  6, 
Bavaria  4,  Sweden  2‘7,  Venice  a little  over  2,  Bohemia 
and  Lombardy  2 ; so  that  at  that  time,  in  1853,  be- 
fore our  compulsory  Act  was  passed,  there  were  actually 
countries  in  Europe  where  the  number  of  deaths  from 
smallpox  was  reduced  to  2 out  of  every  1000  deaths 
from  all  causes.  I mention  this  to  show  you  that 
there  was  sufficient  reason  at  the  time  for  the  pass- 
ing of  the  Compulsory  Vaccination  Act.  Dr.  Jenner 
himself  believed  that  by  vaccination  smallpox  could 
be  stamped  out,  and  he  was  one  of  the  few  discoverers 
who  lived  to  see,  to  a very  great  extent,  the  fruit  of  his 
discovery  and  its  value  recognised. 

In  Baron’s  Life,  of  Jenner  we  are  told,  “from  the 
year  1762  to  1792  the  number  that  died  of  smallpox 
in  the  Danish  dominions  amounted  to  9728.  About 
the  year  1802  vaccination  was  first  introduced,  and  the 
practice  became  general  but  not  universal ; however, 
58  persons  only  died  of  the  smallpox  to  the  year  1810. 
Vaccination,  by  command  of  the  king,  was  now  uni- 
versally adopted,  and  smallpox  inoculation  prohibited, 
and  from  the  year  1810  to  the  year  1819,  not  a single 
case  of  smallpox  has  occurred.” 

It  was  then  clearly  shown  by  Jenner  himself  that 
when  cow-pox  was  inoculated  into  a human  being,  that 
person  was  not  susceptible  to  smallpox  either  by  inocu- 
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lation  or  by  exposure  to  the  poison  ; and  there  is  no 
instance  of  a vaccinated  person  getting  smallpox  until 
about  fifteen  years  after  vaccination  was  first  intro- 
duced, but  about  that  time  there  gradually  came  to  be 
instances  of  vaccinated  people  getting  smallpox.  And 
so  it  came  to  be  seen  that  a certain  number  of  years 
after  being  vaccinated  people  required  to  be  vaccinated 
again,  and  for  a long  time  there  were  a lot  of  very 
strange  ideas  afloat,  such  as  that  we  required  to  be 
vaccinated  once  in  every  seven  years.  But  to  make  a 
long  matter  short,  I may  tell  you  at  once  that  the  fact 
is  that  after  infant  vaccination  people  only  require  to 
be  vaccinated  once  again  at  about  the  age  of  15  or  16. 
I must  give  you  one  or  two  instances  showing  the  re- 
sults of  vaccination  and  of  re-vaccination.  Dr.  Balfour 
tells  us  that  after  vaccination  was  made  compulsory  in 
the  army  and  navy,  in  the  dragoon  regiments  and 
guards  with  44,611  men,  between  1817  and  1836,  out 
of  627  deaths  only  3 were  from  smallpox.  In  the 
regiment  at  Gibraltar,  of  the  same  strength,  out  of 
nearly  1300  deaths  only  1 was  from  smallpox.  There 
are  plenty  of  instances  on  record  where  troops  subjected 
to  compulsory  re- vaccination  were  completely  protected 
from  smallpox — did  not  in  fact  have  a case  of  small- 
pox among  them — while  the  natives  died  by  hundreds 
from  that  disease.  Now  Malta  gives  an  excellent  ex- 
ample of  the  protection  of  re-vaccination.  During 
the  21  years  from  1818  to  1838,  the  British  troops, 
numbering  40,826,  only  lost  2 men  by  smallpox.  In 
1830,  in  Malta  itself,  1 in  every  12  persons  was  attacked 
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by  smallpox,  and  1 out  of  every  85  persons  in  the 
island  died ; but  among  the  military,  including  wives 
and  children,  only  1 out  of  every  188  was  attacked, 
and  only  1 out  of  every  682  died  of  it.  The  Bavarian 
army,  too,  gives  a remarkable  example  of  the  power 
of  re-vaccination.  From  1843  to  1857,  14  years,  there 
was  not  a single  case  of  unmodified  smallpox  in  the 
army,  nor  a single  death  from  smallpox.  The  nurses 
in  smallpox  hospitals  also  give  proof  of  the  power  of 
re-vaccination.  Mr.  Marson,  in  his  evidence  some 
years  ago,  tells  us  that  during  an  experience  of  36  years 
of  the  London  Smallpox  Hospital,  he  has  never  had  a 
case  of  a nurse  having  smallpox,  because  he  re-vaccin- 
ated  them  all  within  three  days  of  their  arrival.  During 
the  last  epidemic,  out  of  the  number  of  nurses  in  attend- 
ance, amounting  sometimes  to  300,  there  was  scarcely 
any  case  of  smallpox,  and  the  few  that  occurred  were 
cases  of  nurses  or  attendants  who  through  the  hurry  of 
business  had  not  been  re- vaccinated. 

It  has  been  quite  clearly  shown  that  people  can  be 
vaccinated  well  and  badly  ; that  good  or  bad  vaccination 
depends  upon  the  number  and  kind  of  marks  produced. 
Mr.  Simon  showed  this  some  years  ago  by  computation 
from  statistics  of  the  London  Smallpox  Hospital  for  25 
years.  He  showed  that  the  mortality  from  smallpox 
among  vaccinated  people  varied  from  less  than  1 in 
100  ; and  among  the  people  who  died  were  some  who, 
though  stated  to  have  been  vaccinated,  had  no  marks 
at  all. 
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I will  just  rapidly  read  the  figures  : — 

Died  per  cent. 

Of  persons  vaccinated  but  having  no  marks  21  to  22 
„ „ and  having  1 mark  . 7| 

„ „ „ 2 marks,  little  over  4 

>>  >>  >>  3 ,,  1 ^ 

„ „ „ 4 „ less  than  1 

A few  words  about  the  last  epidemic  in  London  in 
1870-72. 

This  epidemic  was  exceedingly  virulent,  and  ex- 
tremely fatal.  From  a paper  read  by  Dr.  Grieve  before 
the  Epidemiological  Society  upon  “ Smallpox,”  I find 
that  tlie  rate  of  mortality  among  all  tbe  cases  treated 
at  tbe  Hampstead  Smallpox  Hospital,  was  between 
19  and  20  per  cent ; that  is  a very  bigh  percentage. 
There  came  to  that  hospital  6221  people  during  the 
epidemic,  and  it  was  found  that  of  unvaccinated  people 
over  51  per  cent  died,  and  of  vaccinated  people  only 
11*4  per  cent.  It  was  also  shown  that  the  mortality 
among  vaccinated  people  depended  upon  the  number  of 
scars  they  had.  Vaccination  is  not  considered  to  be 
efficiently  performed  unless  at  least  two  marks  are  pro- 
duced ; and  if  four  good  marks  are  produced  the  person 
may  be  considered,  practically  speaking,  to  be  protected 
from  smallpox  until  the  age  of  12  or  15. 

Now  among  these  6221  cases  that  came  into  the 
Smallpox  Hospital  only  three  cases  presented  proofs  of 
re-vaccination,  and  these  were  mild  cases.  Experience 
thus  shows  quite  clearly  that  cases  of  smallpox  after 
re-vaccination  are  rare,  and  much  less  severe. 
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During  that  same  epidemic,  taking  all  the  hospitals 
together,  there  were  about  14,000  cases  treated  in 
London,  and  out  of  these  14,000  there  were  only  four 
that  showed  proof  of  re-vaccination,  and  these  were  all 
mild  cases. 

I will  just  take  the  instance  of  people  under  15.  Out 
of  3085  consecutive  cases  in  the  Homerton  and  Stock- 
well  Hospitals  the  mortality  among  those  under  15  who 
were  unvaccinated  was  41  per  cent,  the  mortality  among 
those  who  had  bad  vaccination  marks  was  12  per  cent, 
and  the  mortality  among  those  who  had  only  one  vacci- 
nation mark  was  only  1J  per  cent ; and,  to  crown  all, 
277  cases  under  15  years  of  age  had  two  or  more  good 
marks,  and  there  was  not  a death  amongst  them. 

In  Birmingham  during  that  epidemic  the  mortality 
was  12-3  among  those  described  as  vaccinated,  and  48'9 
among  those  unvaccinated,  and  16'45  per  cent  of  the 
total  cases  reported  ; and  the  mortality  was  less  than  in 
the  London  hospitals.  The  severity  of  the  disease  was 
much  less  in  those  well,  than  in  those  imperfectly 
vaccinated ; and  not  a single  death  of  a re-vaccinated 
person  occurred. 

A word  or  two  about  the  epidemic  that  we  have  at 
present.  In  1876,  735  people  died  from  smallpox  in 
London.  Of  these  some  are  reported  as  vaccinated,  some 
as  unvaccinated,  and  of  some  the  certificates  give  no 
information.  So  that  there  may  be  no  misunderstand- 
ing I will  not  take  that  whole  number,  because  it  in- 
cludes doubtful  cases.  I will  take  the  338  who  died  in 
hospitals,  as  we  know  of  those  whether  they  were 
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vaccinated  or  not.  Out  of  this  number  204  had  not 
been  vaccinated,  and  134  had  been ; that  is  to  say,  60 
per  cent  had  not  been  vaccinated,  while  40  per  cent  had 
been  ; in  other  words  there  were  20  per  cent  more  deaths 
among  the  unvaccinated  than  among  the  vaccinated 
people  in  the  smallpox  hospitals  of  London,  although  the 
vaccinated  people  in  London  are  about  nine  times  as 
numerous  as  the  unvaccinated.  Now  we  will  take  the 
completed  cases  in  the  hospitals,  that  is,  cases  either 
cured  or  in  which  death  ensued.  There  were  13V 7 cases, 
1018  vaccinated  and  359  unvaccinated.  Of  the  1018, 
134  died,  and  of  the  359,  204  died  ; from  which  we  see 
that  a little  over  13  per  cent  of  vaccinated  people  died, 
and  nearly  57  per  cent  of  unvaccinated ; that  is  the  ex- 
perience of  1876. 

Let  us  just  glance  at  the  statistics  from  Sweden 
which  are  often  pointed  to  as  conclusively  proving  the 
value  of  vaccination,  though  there  has  been  an  attempt 
to  explain  them  away. 

From  1749  to  1809  inclusive,  61  years,  during  which 
vaccination  was  not  practised,  there  was  only  one  year 
in  which  the  deaths  in  Sweden  were  under  1000;  every 
other  year  they  were  over  1000,  and  in  nine  years 
of  that  period  over  10,000  in  each  year.  From  1810  to 
1872,  63  years,  when  vaccination  was  practised,  there 
were  48  years  in  which  the  deaths  were  under  1000 
and  not  a single  year  in  which  they  came  to  10,000, 
or  even  to  3000.  I think  these  are  facts  about  which 
there  is  no  possibility  of  adverse  explanation.  Again, 
the  greatest  number  of  deaths  in  any  year  in  the  first 
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period  of  61  years  was  16,607,  and  the  greatest  number 
of  deaths  in  the  second  period  2488  ; the  least  number 
of  deaths  in  any  year  in  the  first  period  was  671  and  in 
the  second  2 ; these  are  the  main  facts  of  the  Swedish 
statistics. 

As  it  is  sometimes  stated  that  other  diseases  can  be 
conveyed  by  vaccination,  I should  like  to  quote  to  you 
from  a pamphlet  entitled  “ A Vaccination  Controversy,” 
being  letters  between  the  chairman  of  the  Anti-vaccina- 
tion Society  and  Dr.  George  Ferguson  of  Cheltenham. 

Dr.  Ferguson  says — “ Vaccination  does  not  com- 
municate other  diseases.  Mr.  Marson  has  vaccinated 
50,000  times  and  has  never  known  of  such  communica- 
tion. Sir  William  Jenner,  Sir  James  Paget,  and  Dr. 
West  of  the  Children’s  Hospital,  Ormond  Street,  London, 
all  testify  to  the  same  fact,  and  Dr.  West  during  17 
years  had  26,000  children  under  his  care  from  whom  to 
draw  conclusions.”  On  the  other  hand,  it  is  quite 
certain  that  there  have  been  one  or  two  exceedingly  rare 
cases  where  persons  have  not  been  properly  vaccinated 
and  bad  res  nits  have  followed ; this  has  been  shown  by 
a man  who  is  a very  strong  advocate  of  vaccination 
himself,  Mr.  Jonathan  Hutchinson. 

I am  glad  to  find  that  this  matter  has  been  lately 
investigated  by  a Board  of  Guardians  in  a part  of  the 
country  which  has  been  noted  for  its  opposition  to 
vaccination ; I will  read  you  the  account  given  in  the 
Local  Government  Chronicle  of  April  14th  (1877). 

“Skipton — Vaccination  Inquiry. — In  consequence 
of  assertions  made  by  the  anti-vaccination  agitators  of 
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this  part  of  Yorkshire,  the  Skipton  Board  of  Guardians, 
about  two  months  ago,  appointed  a committee,  composed 
partly  of  guardians  opposed  to  vaccination,  to  inquire 
into  certain  alleged  cases  of  injury  from  vaccination, 
which  the  opposing  party  of  the  hoard  were  in  the  habit 
of  referring  to  as  an  argument  against  vaccination.  After 
much  deliberation  the  members  of  the  committee  have 
drawn  up  a report  in  which  they  state  the  result  of  their 
investigation.  To  facilitate  the  investigation,  advertise- 
ments were  inserted  in  the  local  papers,  asking  indivi- 
duals for  information  of  supposed  injury  from  vaccination. 
In  reply,  thirteen  cases  were  adduced,  but  the  report 
states  that  they  were  greatly  exaggerated,  and  the 
majority  of  them  were  reported  by  persons  not  related 
to  the  sufferers.  Except  in  one  case  of  rash,  in  respect 
of  which  the  physician  consulted  could  not  positively 
say  that  all  the  symptoms  were  owing  to  vaccination, 
the  committee  have  come  to  the  conclusion  that  no 
person  reported  to  them  has  suffered  in  consequence  of 
vaccination.  Four  cases  looked  very  strong  from  the 
reports,  but  upon  investigation  it  was  found  that  in  two 
instances  the  ailment  was  not  complained  of  until  two 
years  after  re-vaccination ; and  it  was  proved,  by  com- 
munications from  the  medical  men  who  had  attended 
the  cases,  that  the  illness  had  nothing  whatever  to  do 
with  vaccination,  but  appeared  to  be  hereditary.” 

That  is  a most  valuable  report,  coming  as  it  does 
from  a committee  composed  partly  of  anti-vaccinators. 

Infant  vaccination  should  be  practised  from  arm  to 
arm,  which  is  much  more  successful  than  from  points,  or 
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from  vaccine  matter  kept  in  tubes,  though  I must  not 
omit  to  tell  you  that  vaccine  matter  kept  in  tubes  is  sub- 
jected to  most  careful  tests,  and  not  a single  tube  which 
shows  any  signs  of  anything  but  pure  lymph  is  sent 
out  from  the  vaccination  department. 

With  regard  to  vaccination  from  the  heifer,  it  has 
been  successfully  introduced  into  Belgium,  and  it  is  quite 
possible  that  it  may  be  introduced  into  this  country  ; I 
do  not  believe  it  will  ever  replace  arm  to  arm  vaccina- 
tion, though  I do  not  see  why  they  should  not  be  worked 
side  by  side,  so  that  if  any  person  has  a kind  of  pre- 
judice against  human  lymph  there  is  no  reason  why  he 
should  not  be  vaccinated  from  the  calf. 

There  is  one  country  in  Europe  where  the  vaccina- 
tion of  infants  and  re-vaccination  are  now  compulsory. 
In  Prussia  there  were  no  compulsory  vaccination  laws 
for  the  civil  population  until  1874,  but  the  mortality 
from  smallpox  in  Prussia  was  so  enormously  greater 
than  in  German  States  where  vaccination  was  compul- 
sory, that  in  March  1874  a law  w^as  passed  making  the 
vaccination  of  infants,  and  the  re- vaccination  of  children 
of  riper  years,  compulsory  throughout  the  whole  of  the 
German  Umpire. 

Let  me  finish  this  lecture  by  quoting  to  you  a few 
lines  from  Dr.  Aitken. 

“It  is  thus  clearly  demonstrated  how  vaccination 
has  thrown  the  ccgis  of  protection  over  the  world  ; and 
how  ample,  how  great,  and  how  efficient  that  protection 
may  be.  It  has  been  shown  to  diminish  mortality 
generally,  and  the  mortality  from  smallpox  in  particular 
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both  in  civil  and  in  military  life,  at  home  and  abroad, 
and  just  in  proportion  as  it  is  efficiently  performed.  It 
has  been  shown  to  diminish  the  epidemic  influence  ; it 
has  been  shown  to  preserve  the  good  looks  of  the  people ; 
it  has  been  shown  that  it  tends  to  render  smallpox  a 
mild  disease  compared  with  the  same  disease  in  the 
unpiotected ; it  confers  an  almost  absolute  security 
against  death  from  smallpox  ; and  lastly,  it  has  been 
shown  to  exercise  a protecting  influence  over  the  health 
of  the  community  generally.  On  the  other  hand,  it  is 
no  less  amply  proven  that  ‘ wheresoever  vaccination 
falls  into  neglect,  smallpox  tends  to  become  again  the 
same  frightful  pestilence  it  was  in  the  days  before 
J enner’s  discovery ; that  wheresoever  vaccination  is 
universally  and  properly  performed,  smallpox  tends  to 
be  of  as  little  effect  as  any  extinct  epidemic  of  the 
middle  ages.’ — (Simon.)” 


LECTURE  XIX. 


COMMUNICABLE  DISEASES. 

Among  diseases  that  are  very  largely  spread  in  commu- 
nities, there  is  one  great  class  of  diseases  which  do  not 
travel  from  the  places  in  which  they  are  found ; they 
prevail  very  largely  among  the  people  where  they  - exist, 
but  do  not  travel  from  place  to  place  ; they  cannot  be 
given  by  one  person  to  another.  Such  diseases  are — 
consumption,  scrofula,  rickets,  marsh  fevers,  rheumatic 
fever,  and  a great  many  others.  These  diseases  go  by 
the  name  of  endemic  diseases,  from  two  Greek  words 
meaning  in  or  among  the  people* 

Then  there  is  another  great  class  of  diseases  which 
I am  going  to  speak  about,  which  can  be  taken  about 
by  persons  suffering  from  them,  and  spread  by  many 
other  ways,  and  which,  under  certain  circumstances, 
spread  from  place  to  place.  Many  of  them  are  called 
epidemic  diseases,  epidemic  meaning  upon  the  people. 
I shall  call  them  all  simply  communicable  diseases, 
because  communicable  is  a word  which  does  not  imply 
any  theory,  as  it  is  quite  certain  that  these  diseases 
may  be  communicated  in  some  way  or  another,  either 
directly  or  indirectly  from  one  person  to  another,  and 
so  are  taken  from  place  to  place.  Sometimes  they  are 
called  contagious  or  infectious  diseases,  but  as  these 
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words  both  imply  some  theory,  and  as  there  is  great 
confusion,  some  diseases  being  said  to  be  contagious 
and  others  infectious,  I will  not  use  either  of  these 
terms,  but  we  will  call  them  communicable  diseases. 

The  first  of  these  diseases,  which  is  perhaps  the  best 
type,  is  the  disease  to  which  I devoted  the  whole  of  last 
lecture, — there  is  no  doubt  that  small-pox  is  a communi- 
cable disease.  And  then  there  are  kindred  diseases,  such 
as  scarlet  fever,  diphtheria,  measles,  whooping  cough, 
typhus  fever,  and  enteric,  or  typhoid  fever.  These  are 
diseases  of  the  same  kind,  although  there  are  differences 
between  them,  and  we  will  consider  them  all  together. 
This  set  of  diseases  is  characterised  in  a very  peculiar 
manner.  When  a person  has  once  had  any  one  of 
them,  he  is  very  unlikely  to  have  it  again.  They  are 
diseases  of  definite  durations,  divided  into  well-defined 
periods,  one  of  the  most  remarkable  of  these  periods 
being  what  is  called  the  period  of  incubation,  and  they 
are  accompanied  by  fever. 

After  a person  has  been  infected  by  the  poison  of 
one  of  these  diseases,  it  does  not  break  out  at  once,  but 
a certain  period  elapses,  which  is  called  the  period  of 
incubation,  while  the  disease  is,  as  it  were,  hatching 
itself  in  the  person  who  has  been  infected ; that  is  a 
very  remarkable  fact. 

Then  there  are  diseases  which  have  somewhat  differ- 
ent characteristics,  but  still  they  are  communicable 
from  one  person  to  another,  and  are  taken  about  fiom 
place  to  place.  These  are  the  leprosy  of  ancient  times, 
described  in  the  Bible — whatever  disease  that  vas,  I 
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think  any  one  who  reads  the  chapters  relating  to  it 
must  see  that  it  was  a communicable  disease : the  plague, 
of  which  I hope  we  are  never  likely  to  see  anything 
again,  and  cholera. 

Then  there  is  another  class  of  diseases  which  are 
certainly  communicable,  but  which  differ  from  those 
just  described  in  several  ways.  These  are  known  as — 
erysipelas,  hospital  gangrene  (found  in  over-crowded 
hospitals),  blood-poisoning,  and  two  or  three  others ; 
also  certain  diseases  which  are  communicable,  and  for 
which  special  Acts  of  Parliament  have  been  framed 
with  the  view  of  preventing  their  spread. 

Among  the  lower  animals,  also,  there  are  diseases 
which  are  communicated  from  one  to  the  other,  and  may 
be  communicated  from  the  animals  to  men.  One  of 
these  is  an  exceedingly  fatal  disease,  known  as  malignant 
pustule,  which,  when  communicated,  is  almost  always 
fatal ; glanders,  found  mostly  among  horses ; and,  lastly, 
the  disease  known  as  sheep-pox,  cow-pox,  and  horse-pox, 
which,  when  communicated  to  human  beings  in  the  way 
I described  in  the  last  lecture,  produces  a mild  disease 
which  goes  by  the  name  of  vaccinia,  which  I showed  you 
prevented  attacks  of  smallpox. 

These  are  some  of  the  more  important  diseases  which 
are  communicable.  Now,  in  each  case,  when  one  of 
these  diseases  is  communicated,  something,  which  may 
be  called  the  poison  of  the  disease,  passes  from  one 
person  to  the  other,  and  this  poison  may  be  given 
directly  from  one  person  to  another,  or  carried  about  in 
various  ways.  It  has  been  shown  over  and  over  again 
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that  it  can  be  carried  in  clothes.  This  fact,  taken  by 
itself,  is  sufficient  to  show  us  that  there  is  some  mate- 
rial thing  which  can  be  taken  by  one  person  and  given 
to  another,  and  when  given  to  that  other  person,  may 
cause  the  disease  in  him.  These  materials  can  be 
carried  about  in  clothes,  in  water,  in  air,  and  various 
other  media.  We  then  come  to  the  conclusion  that 
there  are  such  poisons,  and  that  they  are  material  sub- 
stances. We  have  gone  a great  deal  further  than  this. 
Secretions  containing  these  poisons  have  been  subjected 
to  various  kinds  of  examination ; for  instance, — vaccine 
lymph,  used  for  inoculating  persons  with  vaccine  matter, 
and  other  blood  poisons,  have  been  subjected  to  exami- 
nation, and  the  conclusion  come  to  is,  that  the  poison 
is  a solid  substance,  and  not  a gas,  nor  dissolved  in  the 
liquid  secretions  that  have  been  examined,  but  is  in  the 
form  of  solid  particles,  and  can  be  separated  out,  leaving 
the  liquid  behind.  The  solid  particles  in  vaccine 
matter  can  be  separated  out  from  the  fluid,  and  it  has 
been  shown  that  the  solid  particles  contain  infectious 
matter,  and  that  the  liquid  in  which  they  are  suspended 
does  not.  It  has  also  been  shown  that  the  poisons  of 
these  diseases  are  not  volatile ; when  liquids  are  sub- 
jected to  evaporation,  and  the  evaporated  liquid  is 
caught,  that  liquid  does  not  contain  infected  material, 
but  the  infected  material  is  in  the  solid  substance 
remaining  behind  ; so  that  you  see,  by  direct  scientific 
experiment  in  certain  of  these  diseases  the  character  of 
the  poison  has  been  shown ; this,  however,  only  up  to  a 
certain  point. 
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It  has  long  been  observed  that  the  phenomena  of 
these  diseases  resemble  in  various  ways  the  phenomena 
which  occur  during  decomposition  or  putrefaction  of 
organic  substances  ; and  it  has  been  shown  by  several 
observers,  notably,  you  will  remember,  lately  by  Pro- 
fessor Tyndall,  that  putrefaction  does  not  occur  unless 
certain  material  particles  are  in  the  liquid,  or  get  into 
it  from  the  air. 

One  resemblance  of  these  phenomena  to  putrefaction 
that  I will  point  out  is,  that  the  poisons  of  these  dis- 
eases and  the  bodies  which  produce  putrefaction  alike 
multiply  indefinitely  in  suitable  media. 

Another  thing  to  be  mentioned  about  these  poisons, 
to  put  it  in  homely  language,  is,  that  they  always  breed 
true,  that  the  poison  that  comes  from  small-pox  is  not 
capable  of  producing  scarlet  fever,  or  that  the  poison 
from  a child  suffering  from  measles  does  not  give  an- 
other child  whooping  cough  or  diphtheria  ; and  so  you 
see  that  there  is  something  definite  about  each  of  these 
poisons,  which  gives  it  a character  that  we  call  specific  ; 
hence  these  diseases  go  by  the  name  of  specific  diseases. 
Lastly,  these  poisons  are  destroyed  by  suitable  agents  ; 
for  instance,  we  have  a large  amount  of  evidence  sup- 
ported by  remarkable  scientific  experiments,  that  heat, 
a little  above  the  boiling  point  of  water,  will  destroy  the 
poisons  of  these  diseases,  and  that  is  another  analogy 
between  the  poisons  of  these  diseases  and  the  agents 
which  are  present  during  putrefaction,  which  we  know 
are  living  things ; so  we  can  gradually,  without  ever 
actually  seeing  them,  arrive  at  the  conclusion  that  the 
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poisons  of  these  diseases  most  resemble  the  bodies  that 
are  present  during  putrefaction,  and  that  like  these  they 
are  living  things.  If  we  accept  that  we  come  to  the 
conclusion  that  these  poisons  are,  in  the  first  place,  actual 
particles  of  solid  matter  ; in  the  second  place,  that  they 
are  organic  ; and  in  the  third  place,  that  in  all  probabi- 
lity they  are  living  things  ; and  in  connection  with  their 
being  living  things,  I must  point  out  the  important 
consideration  that  the  first  stage  in  all  these  diseases  is 
the  stage  of  incubation  ; that,  after  a dose  of  the  poison, 
whatever  it  is,  has  been  taken,  the  disease  does  not 
develop  itself  until  that  poison  has  had  time  to  grow. 
How,  contrast  that  with  the  action  of  any  ordinary 
poison  that  you  know  of ; for  instance,  if  I take  a dose 
of  prussic  acid,  it  does  not  wait  for  three  or  four  days 
before  it  kills  me ; it  kills  me  instantly,  or  almost  in- 
stantly ; and  the  same  can  be  said  of  arsenic,  or  organic 
vegetable  poisons,  as  strychnine,  or  morphia ; a suffi- 
cient dose  of  either  kills  a person  almost  instantly  ; 
it  takes  merely  the  time  during  which  it  is  being  ab- 
sorbed ; so  you  see  that  the  poisons  of  these  diseases 
differ  in  a very  peculiar  and  remarkable  manner  from 
other  poisons  with  which  we  are  acquainted. 

We  will  consider  first  what  we  know  about  the 
origination  of  these  poisons  ; what  we  know  about  the 
media  by  which  they  are  conveyed  from  one  place  to 
another  ; what  we  know  about  the  circumstances  which 
favour  the  spread  of  one  more  than  another,  and  the 
methods  for  the  prevention  of  their  spreading. 

It  has  been  maintained  that  every  one  of  these 
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poisons  may  originate  at  any  time  and  anywhere  undei 
suitable  circumstances.  One  of  the  greatest  of  physicians, 
Dr.  Trousseau,  said  that  the  fact  that  all  these  diseases 
must  have  originated  some  time  or  another  somewhere 
shows  that  they  may  originate  at  any  time  anywhere  if 
conditions  are  suitable  ; that  appears  a logical  way  of 
putting  it,  but  still  that  statement  implied  a theory 
which  requires  a great  deal  of  proof.  You  may  almost 
as  well  say  that  wheat  originated  at  some  place,  and 
that,  therefore,  it  may  originate  elsewhere  under  suitable 
conditions,  the  only  difference  being  that  grains  of 
wheat  are  larger  things  than  the  poisons  of  these 
diseases.  But  you  will  now  find  very  few  people  who 
will  go  so  far  as  to  tell  you  that  the  poison  of  any 
one  of  these  diseases  may  originate  at  any  time  any- 
where; as  a matter  of  fact,  the  majority  of  people 
believe  now  that  the  poisons  of  most  of  these  diseases 
do  not  originate  at  any  time  anywhere,  but  come  from 
a previous  case ; that  scarlet  fever,  for  instance,  is 
not  got  by  anybody,  unless  he  somewhere  or  another 
has  come  into  communication  with  the  poison  derived 
from  a case  of  scarlet  fever. 

I want  you  to  notice,  that  one  after  another  of  these 
diseases  has  been  put  out  of  the  category  of  diseases 
which  arise  spontaneously,  and  it  has  now  been  brought 
down  by  almost  all  observers  to  the  diseases  known  as 
typhus  and  typhoid  (or  enteric)  fevers,  with  a few  others 
of  less  importance.  It  is  admitted  that  these  diseases 
are  communicable  from  one  person  to  another,  with  the 
single  exception  of  typhoid  or  enteric  fever ; but  there 
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are  persons  who  believe  that  such  communication  does 
not  occur  in  the  case  of  typhoid  fever,  or  if  it  does,  it 
is  a very  rare  thing,  so  we  may  say  that  it  is  admitted 
by  most  persons  that  the  majority  of  these  diseases  are 
only  caught  by  contact. 

The  poisons  of  these  diseases  are  carried  about  sus- 
pended in  the  air,  in  the  dust,  and,  so  far  as  we  know, 
may  be  carried  considerable  distances  in  this  way,  but 
in  most  of  the  diseases  the  atmosphere  around  a person 
who  is  suffering  from  the  disease  does  not  give  it  to  the 
persons  in  the  same  place  beyond  a very  small  distance. 
It  was  observed  some  time  ago,  in  the  last  century,  that 
the  atmosphere  around  a smallpox  patient  is  only 
infectious  at  a little  distance,  and  in  typhus  fever  the 
distance  is  still  smaller ; that,  in  fact,  the  poison  given 
off  into  the  air  around  became  so  diluted  in  the  air  that 
it  is  at  any  rate  not  usual  for  persons  to  take  the  disease 
except  at  a very  short  distance  from  a person  suffering 
from  one  of  these  diseases. 

We  see  from  this  that  it  is  of  the  highest  import- 
ance that  the  rooms  in  which  persons  are  suffering  from 
these  diseases  should  be  well  ventilated. 

Water  is  an  important  medium  for  the  communica- 
tion of  these  diseases.  So  far  as  we  know,  the  poisons 
of  any  of  them  may  be  taken  in  water,  but  it  is  espe- 
cially so  in  the  cases  of  cholera  and  typhoid  fever.  And 
as  this  is  so,  they  may  be  contained  in  milk  which  has 
been  mixed  with  water  containing  the  poison. 

The  poisons  may  be  carried  about  in  clothes.  There 
are  on  record  many  instances  where  the  poisons  of  scarlet 
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fever,  cholera,  yellow  fever,  and  several  other  diseases, 
have  been  carried  about  in  clothes. 

The  poisons,  most  notably  those  of  cholera  and 
enteric  fever,  which  are  got  rid  of  from  the  body  by 
means  of  the  intestinal  canal,  get  into  sewage,  and  so 
the  sewage  gets  infected.  The  poisons  are  then  spread 
to  human  beings  in  one  of  two  ways,  either  by  sewage 
getting  into  the  water  which  human  beings  drink,  or 
by  the  poisons,  through  the  shaking  about  of  the  sewage 
and  the  decomposition  that  goes  on,  being  carried  up 
bodily  into  sewer  air.  Some  very  instructive  experi- 
ments made  by  Dr.  Franldand  have  shown  that  par- 
ticles may  be  carried  up  and  suspended  in  the  air. 
These  particles  may  be  carried  up  and  suspended  in 
the  air  in  the  sewers  and  drains,  and  by  methods  of 
communication  get  into  the  houses,  or  into  the  drinking 
water  by  means  of  the  waste-pipes  of  water  cisterns. 

These  poisons  may  be  carried  about  by  rats,  which 
make  their  way  from  bad  drains  into  the  basements  of 
houses,  and  to  different  parts.  This  is  a method  of 
communication  of  these  diseases  which  has  been  too 
much  overlooked.  In  my  opinion  the  presence  of  rats 
ought  always  to  be  considered  dangerous,  as  not  only 
may  the  rats  carry  the  poison  of  these  diseases,  but 
wherever  a rat  can  go  foul  air  can  find  its  way,  and  that 
air  may  contain  the  poison  of  one  or  other  of  these 
diseases.  This,  I believe,  is  really  a very  common  way 
in  which  these  diseases  are  spread. 

Another  method,  which  I have  long  been  of  opinion 
is  a very  important  one,  and  one  that  ought  not  to  be 
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overlooked,  is,  that  these  poisons  may  be  carried  about 
by  flies.  It  has  been  shown  by  a very  admirable  series 
of  experiments  made  in  France  by  Dr.  Eaimbert, 
that  the  poison  of  malignant  pustule,  a disease  which 
affects  cattle,  can  be  carried  about  by  flies,  is  commonly 
carried  about  by  them,  and  by  that  means  may  be  com- 
municated to  human  beings.  Eaimbert,  moreover,  ex- 
amined the  poison,  allowed  flies  to  settle  upon  poisoned 
materials,  caught  the  flies,  examined  them,  and  found 
substances  containing  these  poisons  upon  their  feet,  and 
he  allowed  these  flies  to  infect  animals,  and  showed 
that  these  poisons  passed  readily  through  the  mucous 
membrane,  and  were  readily  absorbed  through  the 
mucous  surfaces,  and  in  one  case  through  the  skin, 
thus  proving  that  it  was  not  necessary,  as  was  commonly 
supposed,  for  an  animal  to  be  wounded  in  order  to  take 
the  poison.  He  further  showed  that  the  flies  that  did 
this  were  not,  as  commonly  supposed,  stinging  flies,  but, 
on  the  contrary,  common  house  flies,  blow  flies,  flies 
provided  with  probosces,  commonly  regarded  as  not 
only  harmless,  but  as  scavengers  to  remove  filth. 

This  matter  has  not  been  taken  up  at  all,  but  I 
noticed,  I think,  three  years  ago  in  a number  of  the 
Lancet  an  account  of  an  epidemic  of  smallpox  in  a 
place  which  was  observed  at  the  time  to  be  accom- 
panied by  the  inroad  of  an  enormous  army  of  flies.  It 
struck  me  at  that  time  that  it  was  just  possible  that  in 
that  instance,  and  in  one  or  two  other  instances,  it  may 
have  been  spread  by  flies.  It  has  struck  me  since 
much  more  forcibly  in  noticing  the  way  in  which  flies 
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abound  in  hot  weather  in  hospital  wards,  and  settle 
upon  suppurating  wounds,  and  tiy  from  one  patient  to 
another,  settling  upon  different  parts  of  the  body,  espe- 
cially upon  the  orifices  where  the  mucous  membrane 
comes  to  the  surface,  that  it  is  quite  possible  that  flies 
may  disseminate  these  communicable  diseases,  especially 
such  as  erysipelas,  hospital  gangrene,  and  perhaps  small- 
pox, in  which  there  are  crusts  and  scabs,  which  the 
flies  may  carry  with  them  in  a way  which  has  been 
entirely  unsuspected. 

Now,  the  poisons  of  these  diseases  are  separated 
from  the  bodies  of  infected  persons  in  different  ways  ; in 
almost  all  cases  the  poison  is  eliminated  from  all  the 
excretory  organs,  but  in  certain  of  these  diseases  it  is 
eliminated  by  one  or  other  of  the  excretory  organs  by 
preference.  For  instance,  in  the  case  of  smallpox, 
scarlet  fever,  and  measles,  it  is  got  rid  of  from  the  shin 
and  certain  mucous  membranes.  In  scarlet  fever  and 
diphtheria  it  is  got  rid  of  from  the  throat  ; in  typhus 
fever  it  is  got  rid  of  by  means  of  exhalations  of  the 
breath,  and  from  the  skin.  In  whooping  cough  it  is 
coughed  into  the  air  by  exhalations  from  the  lungs  ; by 
the  mucous  membranes  of  the  lung  passages  it  is 
breathed  out  into  the  air.  In  enteric  or  typhoid  fever, 
as  in  cholera,  it  is  almost  entirely  got  rid  of  by  means 
of  discharges  from  the  intestinal  canal.  Some  of  these 
poisons,  you  see  therefore,  leave  the  person  infected  in 
such  a manner  as  to  get  into  the  air  around,  and 
into  the  bedclothes,  in  a kind  of  fine  cloud  of  dust, 
although  it  is  true  that  in  all  these  diseases  the  con- 
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tagious  atmosphere  is  only  close  round  the  patient,  and 
the  disease  is  not  communicated  from  one  person  to 
another  except  at  a small  distance.  In  the  case  of  the 
other  diseases,  such  as  cholera  and  typhoid  or  enteric 
fever,  in  which  the  poison  does  not  get  out  into  the  air 
around,  but  leaves  the  body  by  means  of  discharges 
from  the  intestinal  canal,  these  diseases  have  often  not 
been  recognised  as  contagious  or  communicable. 

What  I want  you  to  understand  is  that  the  difference 
between  the  communication  of  the  poisons  of  these  two 
classes  of  diseases  is  not  in  the  poison,  or  in  the  nature 
of  the  poison,  but  in  the  way  in  which  the  poisons  leave 
the  body  of  the  infected  person.  I want  you  to  come  to 
the  conclusion  that  the  last  mentioned  diseases,  cholera 
and  typhoid  fever,  are  just  as  essentially  communicable 
diseases  as  scarlet  fever  and  smallpox. 

The  diseases  which  are  most  obviously  communicable 
have  among  them  diseases  which  it  is  supposed  every 
one  must  take.  They  are  diseases  that  especially  be- 
long to  children  ; the  reason  is  that  they  are  diseases 
which  a person  only  has  once  in  his  life  as  a rule.  So 
you  see  they  especially  affect  children,  because  as  soon 
as  a child  is  exposed  to  the  poison  of  one  of  the  diseases 
he  is  most  likely  to  take  it,  in  which  case  he  does  not, 
as  a rule,  get  it  again  later  in  life,  and  if  he  does  not 
take  it  then,  it  is  very  likely  that  he  will  never  have  it 
at  all.  The  only  one  of  these  diseases  that  is  no  longer 
specially  confined  to  children  is  the  most  dreadful  of 
them — viz.  smallpox,  although  it  was  formerly  the  most 
fatal  disease  of  childhood,  and  killed  half  the  children 
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under  ten  years  of  age  before  vaccination  was  practised. 
It  is  now  rare  for  a child  who  has  been  properly  vac- 
cinated to  have  smallpox. 

The  idea  that  children  must  have  measles  and  whoop- 
ing cough  is  an  entire  mistake.  If  these  diseases  do 
not  kill  children  directly,  they  kill  a very  large  number 
indirectly,  and  maim  a great  many  more  by  leaving 
them  liable  to  diseases  of  the  respiratory  organs  ; hence, 
if  possible,  children  should  be  prevented  from  catching 
them.  Many  people  will  allow  their  children  to  take 
measles.  I consider  that  they  are  wrong,  and  that  they 
ought  not  deliberately  to  expose  their  children  to  that 
which  may  kill  them ; they  have  no  business  to  assume 
that  their  children  will  get  that  disease,  and  must  have 
it,  and  I am  sure  no  child  has  ever  been  the  better  for 
having  had  it,  while  many  are  injured  for  life. 

Now,  all  these  diseases  spread  more  where  there  is 
overcrowding,  and  so  they  always  spread  in  large  towns. 
You  can  understand,  from  the  various  ways  in  which 
these  diseases  spread,  that  they  are  more  dangerous 
where  people  are  crowded  together,  but  this  is  especially 
true  of  typhus  fever,  which  is  only  at  home  in  very 
crowded  parts  of  towns.  It  does  not  spread  in  other 
parts  if  it  is  introduced,  and  in  fact  the  infective  distance 
of  typhus  fever  is  very  small.  Although  it  is  an  ex- 
tremely infectious  fever  it  does  not  spread  from  one 
spot  to  another,  through  persons  going  occasionally  to 
see  the  patient,  nor  does  it  attack  the  attendants  if  they 
do  not  handle  the  patient.  It  is  a fever  that  was  for- 
merly known  as  jail  fever,  and  was  given  other  names, 
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according  to  the  overcrowded  places  in  which  it  spread, 
and  it  is  one  of  the  diseases  of  which  we  are  told  that 
the  poison  can  originate  spontaneously. 

We  have  been  gradually  reducing  the  number  of 
diseases  of  which  we  believe  the  poison  originates  spon- 
taneously. Now,  typhoid,  or  enteric  fever,  has  only 
been  recently  separated  from  typhus  fever.  It  has 
been  shown  clearly  that  whereas  typhus  fever  spreads 
especially  in  overcrowded  places,  and  among  the  poor 
and  destitute  and  starved,  typhoid  fever  spreads,  on  the 
contrary,  wherever  the  matters  that  are  discharged  from 
the  intestines  of  human  beings  are  not  got  rid  of  from 
houses  or  towns.  The  distinctive  characteristics  of 
these  two  diseases  I will  not  enter  upon,  but  they  are 
so  different  that  it  is  a perfect  mystery  to  us  now  that 
they  should  ever  have  been  confused.  We  have  seen, 
too,  the  different  ways  in  which  these  diseases  spread. 

We  are  told  on  very  high  authority  that  the  poison 
of  enteric  fever  is  capable  of  originating  de  novo  in  filth 
of  various  kinds,  that  you  only  have  to  have  a certain 
amount  of  decomposing  matter  under  certain  circum- 
stances, and  the  poison  of  this  disease  can  be  produced 
and  given  to  human  beings.  This  statement  is  sup- 
ported, too,  by  the  assertion  that  in  the  majority  of 
instances  where  cases  of  typhoid  fever  arise  you  are  not 
able  to  find  where  it  came  from.  Now,  with  regard  to 
that,  I would  point  out  to  you  that  it  is  a disease  a per- 
son may  suffer  from  for  weeks,  and  with  which  he  may 
go  about  from  place  to  place  without  knowing  that  he 
has  it.  A person  may  go  through  it  to  the  third  stage, 
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and  then  fall  down  dead  with  it,  and  the  disease  may  be 
regarded  as  heart  disease.  Now,  notice  that  wherever 
he  has  gone  for  the  last  three  weeks  he  has  been  spread- 
ing the  poison  of  typhoid  fever. 

These  are  a few  facts  which  show  yon  that  it  is  a 
ridiculous  impossibility  to  expect  that  we  can  trace  the 
poison  of  this  disease  always  to  the  place  from  whence 
it  came.  It  may  be  mixed  with  milk  in  the  Midland 
counties  of  England,  sent  up  to  London,  and  distributed 
to  a number  of  houses  in  London.  The  connection 
between  these  may  never  be  known,  and  there  is  no 
doubt  that  that  method  was  never  suspected  until  the 
recent  epidemics  of  this  disease  occurred  ; and  I put  it 
to  you  whether  we  are  in  a position  to  say  that  we  are 
able  in  a case  of  this  disease  to  state  that  the  poison 
was  not  derived  from  a previous  case. 

We  are  told  also  that  this  disease  is  not  generally 
communicable  from  one  person  to  another,  because  it  is 
frequently  taken  to  a place,  and  does  not  spread  there  \ 
the  answer  to  that  is  perfectly  clear, — in  those  places 
precautions  are  taken  to  remove  matters  containing  the 
poison.  Smallpox,  scarlet  fever,  and  typhus  fever,  do 
not  spread  if  proper  precautions  are  taken,  and  that  is 
why  typhus  fever  does  not  spread  in  the  West  End  of 
London,  although  it  is  taken  there  over  and  over  again. 

We  can  also  bring  forward  arguments  of  another 
kind ; we  can  point  to  places  where  filth  has  been 
accumulating  for  years,  places,  you  would  say,  most 
suitable  for  cholera  and  enteric  fever,  if  the  poisons  of 
these  diseases  are  developed  in  decomposing  animal 
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matters,  and  yet  these  diseases  have  not  been  there  for 
years ; the  answer  to  that  is,  that  all  the  conditions  are 
not  present.  Now,  on  a certain  day  a person  comes  to 
one  of  these  places  ill  with  enteric  fever,  they  do  not 
know  what  is  the  matter  with  him,  and  he  is  attended, 
perhaps,  for  a week  or  two.  As  soon  as  they  have 
found  out  what  is  the  matter  with  him,  a score  or  so  of 
persons  have  already  become  infected  with  the  fever, 
and  it  spreads  over  the  place  like  wildfire.  This  shows 
you  that  the  place  was  in  an  admirable  condition  for  the 
poison  of  that  disease  to  spread  if  it  could  have  ori- 
ginated there,  and  though  you  may  come  to  the  conclu- 
sion that  the  disease  was  not  there  before  because  there 
was  some  missing  condition,  you  must  admit  that  the 
person  who  came  there  ill  brought  the  poison. 

I will  now  tell  you  a few  practical  methods  to  pre- 
vent the  spread  of  these  diseases. 

The  first  method  is  by  separating  persons  who  are 
sick  from  the  healthy  community ; that  is  the  method 
pointed  out  by  Moses  in  the  13th  and  14th  chapters  of 
Leviticus,  two  of  the  most  admirable  sanitary  chapters 
that  have  ever  been  written.  One  form  of  leprosy  was 
undoubtedly  an  infectious  disease,  which  some  people 
have  said  was  smallpox. 

The  sick  people  are  to  be  separated,  and  so  it  is 
necessary  to  have  fever  hospitals.  Mind  these  diseases 
do  not  spread  from  fever  hospitals.  There  is  no  instance 
known  of  any  of  these  diseases  having  spread  from  the 
London  fever  hospitals  to  houses  in  the  neighbourhood, 
yet  it  is  true  that  sometimes  these  diseases  are  found  in 
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some  of  the  houses  in  the  neighbourhood,  and  espe- 
cially in  public-houses  where  they  have  been  conveyed 
by  the  attendants ; but  there  is,  at  any  rate,  not  suffi- 
cient need  to  have  the  great  amount  of  fear  that  people 
seem  to  have  on  this  subject. 

In  London  the  different  vestries  and  district  boards 
are  the  sanitary  authorities,  and  each  of  them  is  em- 
powered to  provide  hospitals  for  infectious  diseases 
when  they  exist. 

But  as  a matter  of  fact  the  great  fever  hospitals,  under 
the  control  of  the  Metropolitan  Asylums  Board,  and  in- 
tended for  paupers  only,  are  made  use  of  by  almost  all 
classes.  Many  persons  object  to  go  to  these  hospitals 
because  they  are  pauper  hospitals,  but  I think  when 
such  a serious  thing  is  concerned  the  matter  ought  to  be 
separated  from  connection  with  pauperism.  A person 
affected  with  an  infectious  disease  ought  to  be  taken  to 
an  infectious  hospital  whether  he  can  afford  to  pay  for 
it  or  not,  but  he  ought  not  to  be  made  a pauper  of  by 
that  fact.  (An  Act  since  passed  has  accomplished  this.) 

I say,  then,  isolation  is  the  first  thing ; the  next 
is  disinfection ; by  this  I mean  the  destruction  of  the 
poison.  We  are  perfectly  certain  now,  by  direct  experi- 
ment, that  the  poisons  of  some  of  these  diseases  can  be 
destroyed  by  certain  agents.  There  are  a good  many 
agents  that  have  been  long  in  use  as  disinfectants.  The 
first  is  dry  heat ; this  is  capable  of  destroying  such  of 
these  poisons  as  have  been  experimented  on,  and  it  has 
been  practically  shown  that  heat  is  capable  of  destroy- 
ing the  poisons  of  all  of  these  diseases.  Practically  the 
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baking  of  clothes  in  a disinfecting  oven,  raising  the 
heat  to  about  240°  Fahr.,  a temperature  which  will  not 
singe  the  clothes,  is  sufficient.  I do  not  mean  to  say, 
however,  that  burning  the  clothes  would  not  be  the 
safer  and  better  plan  of  getting  rid  of  infected  articles 
if  you  can  spare  them,  but  when  you  consider  the 
amount  of  clothing  that  would  have  to  be  destroyed 
during  an  epidemic  of  smallpox,  you  will  see  that  this 
is  often  a practical  impossibility. 

I maintain,  further,  that  it  is  a thing  which  need  not 
be  carried  out.  I have  never  known  an  instance  where 
clothes,  that  have  been  disinfected  in  a hot  oven,  have 
been  the  means  of  spreading  disease. 

It  has  been  shown  that  sulphurous  acid  gas,  nitrous 
acid,  and  chlorine,  are  all  agents  that  may  be  used 
for  disinfecting  purposes.  Sulphurous  acid  is  an  agent 
that  can  be  relied  upon.  For  disinfecting  masses  of 
matters,  both  liquid  and  semi-solid,  such  as  discharges 
from  the  intestinal  canal,  green  copperas  or  sulphate 
of  iron,  in  the  form  of  a solution  of  a pound  of  green 
copperas  to  a gallon  of  water,  is  very  effective.  Strong 
carbolic  acid  is  likewise  good,  and,  under  certain  circum- 
stances, chloride  of  lime. 

When  a person  is  suffering  from  one  of  these  infec- 
tious diseases,  the  first  thing  to  do  is  to  change  the  air 
of  the  room  as  often  as  possible  without  causing  any 
draught ; that  is  best  done  by  having  a small  fire  in  the 
room  and  the  windows  open  in  the  house. 

All  articles,  especially  woollen  drapery  and  cur- 
tains, should  be  removed  from  the  room  as  soon  as 
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the  person  is  put  into  it,  and  they  will  not  be  infected  if 
removed  at  once. 

All  discharges  from  the  patient  should  be  received 
in  vessels  containing  a disinfectant,  as  carbolic  acid,  or 
better  still,  a strong  solution  of  green  copperas.  The 
cup  which  is  provided  for  the  patient  to  spit  in  should 
also  contain  a disinfectant. 

All  bed-clothes,  linen,  etc.,  should  be  placed  in  water 
containing  a disinfectant  before  they  are  taken  from  the 
room  ; pocket  handkerchiefs  should  not  be  used,  but 
small  pieces  of  rag,  which  should  be  burnt.  All  glasses 
and  cups  used  should  be  very  carefully  cleansed  in  hot 
water  before  being  used  by  any  one  else. 

Nurses  should  not  wear  woollen  garments,  but 
glazed  cotton  dresses,  and  should  wash  their  hands 
in  water  containing  chloride  of  lime  before  leaving 
the  room. 

In  scarlet  fever  and  smallpox,  when  the  poison  is 
given  off  from  the  skin,  it  is  a very  good  plan  to  rub 
the  patient  with  oil,  or,  better,  camphorated  oil ; this  is 
soothing  to  the  patient,  and  it  prevents  the  poisonous 
matter  getting  away  from  the  skin  and  becoming 
diffused  in  the  air  around. 

As  soon  as  the  patient  is  well  enough  he  should  take 
a warm  bath,  in  which  the  whole  of  his  person  should 
be  scrubbed,  carbolic  soap  being  used,  and  afterwards 
the  bath  should  be  repeated  every  other  day  until  four 
or  five  have  been  taken.  He  should  not  be  allowed  to 
mix  with  other  people  until  the  skin  is  perfectly 
clean. 
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In  enteric  fever  the  discharges  from  the  intestinal 
canal  should  he  disinfected. 

In  cholera  disinfection  is  much  more  difficult,  owing 
to  the  enormous  amount  of  discharge,  but  it  is  well  in 
this,  as  in  enteric  fever,  to  adopt  the  precaution. 

After  a person  has  recovered,  the  room  and  articles 
in  it  require  disinfecting.  The  best  way  to  do  this  is 
to  paste  up  the  crevices  of  the  windows  and  fireplace 
with  paper,  and  then  to  burn  in  the  room,  in  an  iron 
vessel,  some  sulphur.  The  vessel  in  which  the  sulphur 
is  burnt  should  be  suspended  over  a bucket  of  water 
by  placing  it  on  a couple  of  stair  rods  or  a pair  of  tongs, 
and  the  sulphur  can  he  lit  by  a match,  or,  still  better, 
by  pouring  spirits  of  wine  on  it  and  lighting  that ; the 
door  must  then  be  shut  and  paper  pasted  over  the 
crevices  outside.  The  sulphur  will  burn  and  form 
sulphurous  acid  in  such  a quantity  that  a person  could 
not  live  in  the  room.  It  should  be  left  for  six  hours, 
and  at  the  end  of  that  time  it  will  have  been  sufficiently 
disinfected. 

The  paper  on  the  walls  should  be  stripped  off  and 
burnt,  but  the  sulphur  should  be  burnt  in  the  room 
before  this  is  done. 

The  walls  of  the  room  should  be  lime-whited,  and 
the  wood- work  scrubbed  well  with  water  having  chloride 
of  lime  or  some  other  disinfectant  in  it ; the  ceiling 
should  be  lime-whited,  and  the  room  left  unoccupied  as 
long  as  possible. 

Bed  and  bed-linen  should  be  sent  to  the  hot  air 
chamber  and  baked. 
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Iii  no  instance  where  these  precautions  have  been 
taken  have  I known  the  same  disease  to  break  out  again 
in  a room,  and  that  is,  I think,  a proof  that  the  method 
is  a good  one,  and  it  is  a method  supported  by  some 
admirable  experiments  recently  made  with  agents  for 
the  destruction  of  the  poisons  of  epidemic  diseases. 


THE  END. 


Printed  by  R.  & R.  Clark,  Edinburgh 
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in  Early  Times.  Sixth  Edition. 
Crown  8vo.  Cloth,  price  3$. 

A Special  Edition  for  Schools. 
Price  is. 

The  Childhood  of  Reli- 
gions. Including  a Simple  Account 
of  the  Birth  and  Growth  of  Myths 
and  Legends.  Third  Thousand. 
Crown  8vo.  Cloth,  price  sj. 

A Special  Edition  for  Schools. 
Price  is.  6 d. 

Jesus  of  Nazareth.  With  a 
brief  Sketch  of  Jewish  History  to 
the  Time  of  His  Birth.  Small 
crown  8vo.  Cloth,  price  6s. 

COLERIDGE  (Sara). 

Pretty  Lessons  in  Verse 
for  Good  Children,  with  some 
Lessons  in  Latin,  in  Easy  Rhyme. 
A New  Edition.  Illustrated.  Fcap. 
8vo.  Cloth,  price  3$.  6d. 

Phantasmion.  A Fairy  Tale. 

With  an  Introductory  Preface  by  the 
Right  Hon.  Lord  Coleridge,  of 
Ottery  St.  Mary.  A New  Edition. 
Illustrated.  Crown  8vo.  Cloth, 
price  7 s.  6d. 


COLERIDGE  (Sara )— continued. 
Memoir  and  Letters  of  Sara 
Coleridge.  Edited  by  her  Daughter. 
With  Index.  2 vols.  _ With  Two 
Portraits.  Third  Edition,  Revised 
and  Corrected.  Crown  8vo.  Cloth, 
price  24 s. 

Cheap  Edition.  With  one  Portrait. 
Cloth,  price  7 x.  6 d. 

COLLINS  (Mortimer). 

The  Secret  of  Long  Life. 
Small  crown  8vo.  Cloth,  price  3$.  6 d. 
Inn  of  Strange  Meetings, 
and  other  Poems.  Crown  8vo. 
Cloth,  price  5 s. 

COLLINS  (Rev.  R.),  M.A. 
Missionary  Enterprise  in 
the  East.  With  special  reference 
to  the  Syrian  Christians  of  Malabar, 
and  the  results  of  modern  Missions. 
With  Four  Illustrations.  Crown 
8vo.  Cloth,  price  6s. 

CONWAY  (Hugh). 

A Life’s  Idylls.  Small  crown 

8vo.  Cloth,  price  3s.  6 d. 

COOKE  (M.  C.),  M.A.,  LL.D. 
Fungi;  their  Nature,  Influ- 
ences, Uses,  &c.  Edited  by  the  Rev. 
M.  J.  Berkeley,  M.A.,  F.  L.  S. 
With  Illustrations.  Second  Edition. 
Crown  8vo.  Cloth,  price  5$. 

Volume  XIV.  of  The  International 
Scientific  Series. 

COOKE  (Prof.  J.  P.) 

The  New  Chemistry.  With 

31  Illustrations.  Fourth  Edition. 
Crown  8vo.  Cloth,  price  jr. 

Volume  IX.  of  The  International 
Scientific  Series. 

Scientific  Culture.  Crown 

8vo.  Cloth,  price  is. 

COOPER  (T.  T.),  F.R.G.S. 

The  Mishmee  Hills:  an 

Account  of  a Journey  made  in  an 
Attempt  to  Penetrate  Thibet  from 
Assam,  to  open  New  Routes  for 
Commerce.  Second  Edition.  With 
Four  Illustrations  and  Map.  Post 
8vo.  Cloth,  price  ior.  6d. 

COOPER  (H.  J.). 

The  Art  of  Furnishing  on 
Rational  and  AEsthetic  Prin- 
ciples. New  and  Cheaper  Edition. 
Fcap.  8vo.  Cloth,  price  is.  6d. 
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COPPEE  (Francois). 

L’Exilee.  Done  into  English 
Verse  with  the  sanction  of  the  Author 
by  I.  0.  L.  Crown  8vo.  Vellum, 
price  5J. 

CORY  (Lieut.  Col.  Arthur). 

The  Eastern  Menace;  or, 
Shadows  of  Coming  Events. 
Crown  8vo.  Cloth,  price  sr. 

lone.  A Poem  in  Four  Parts. 

Fcap.  8vo.  Cloth,  price  5$. 

CORY  (William). 

A Guide  to  Modern  Eng- 
lish History.  Part  I.  MDCCCXV. 
— MDCCCXXX.  Demy  8vo.  Cloth, 
price  qs. 

Cosmos. 

A Poem.  Fcap.  8vo.  Cloth,  price 

3$.  6 d. 

COURTNEY  (W.  L.). 

The  Metaphysics  of  John 
Stuart  Mill.  Crown  8vo.  Cloth, 
price  5-r.  6d. 

COWAN  (Rev.  William). 

Poems  : Chiefly  Sacred,  in- 
cluding Translations  from  some 
Ancient  Latin  Hymns.  Fcap.  8vo. 
Cloth,  price  sr. 

COX  (Rev.  Sir  G.  W.),  Bart. 

A History  of  Greece  from 
the  Earliest  Period  to  the  end  of  the 
Persian  War.  New  Edition.  2 vols. 
Demy  8vo.  Cloth,  price  361. 

The  Mythology  of  the 
Aryan  Nations.  New  Edition.  2 
vols.  Demy  8vo.  Cloth,  price  28r. 

A General  History  of  Greece 

from  the  Earliest  Period  to  the  Death 
of  Alexander  the  Great,  with  a sketch 
of  the  subsequent  History  to  the 
present  time.  New  Edition.  Crown 
8vo.  Cloth,  price  7 r.  6d. 

Tales  of  Ancient  Greece. 

New  Edition.  Small  crown  8vo. 
Cloth,  price  6s. 

School  History  of  Greece. 
With  Maps.  New  Edition.  Fcap. 
8vo.  Cloth,  price  3s.  6d. 

The  Great  Persian  War 

from  the  Histories  of  Herodotus. 
New  Edition.  Fcap.  8vo.  Cloth, 
price  3r.  6 d. 


COX  (Rev.  Sir  G.  W.),  Bart  .-con- 
tinued. 

A Manual  of  Mythology 

in  the  form  of  Question  and  Answer. 
New  Edition.  Fcap.  8vo.  Cloth, 
price  3 s. 

COX  (Rev.  Sir  G.  W.),  Bart., 
M.A.,  and  EUSTACE  HIN- 
TON JONES. 

Popular  Romances  of  the 

Middle  Ages.  Second  Edition  in 
one  volume.  Crown  8vo.  Cloth, 
price  6s. 

COX  (Rev.  Samuel). 

Salvator  Mundi ; or,  Is 

Christ  the  Saviour  of  all  Men?  Sixth 
Edition.  Crown  8vo.  Cloth,  price  51. 

The  Genesis  of  Evil,  and 
other  Sermons,  mainly  Expository. 
Crown  8vo.  Cloth,  pnce  6j. 
CRAUFURD  (A.  H.). 

Seeking  for  Light : Sermons. 
Crown  8vo.  Cloth,  price 
CRESSWELL  (Mrs.  G.). 

The  King’s  Banner.  Drama 
in  Four  Acts.  Five  Illustrations. 
4to.  Cloth,  price  10s.  6d. 
CROMPTON  (Henry). 
Industrial  Conciliation. 
Fcap.  8 vo.  Cloth,  price  2 s.  6 d. 

D ANVERS  (N.  R.). 

The  Suez  Canal : Letters 

and  Documents  descriptive  of  its 
Rise  and  Progress  in  1854-56.  By 
Ferdinand  de  Lesseps.  Translated 
by.  Demy  8vo.  Cloth,  price  ior.  6 d. 
Parted.  A Tale  of  Clouds 
and  Sunshine.  With  4 Illustrations. 
Extra  Fcap.  8vo.  Cloth,  price  3.J.  6 d. 

Little  Minnie’s  Troubles. 

An  Every-day  Chronicle.  With  Four 
Illustrations  by  W.  H.  Hughes. 
Fcap.  Cloth,  price  3*.  6 d. 

Pixie’s  Adventures ; or,  the 
Tale  of  a Terrier.  With  21  Illustra- 
tions. i6mo.  Cloth,  price  4J.  6 d. 
Nanny’s  Adventures;  or, 
the  Tale  of  a Goat.  With  12  Illus- 
trations. i6mo.  Cloth,  price  4s.  6 d. 
DAVIDSON  (Rev.  Samuel),  D.D., 
LL.D. 

The  N ew  Testament,  trans- 
lated from  the  Latest  Greek 
Text  of  Tischendorf.  A New  and 
thoroughly  Revised  Edition.  Post 
8vo.  Cloth,  price  ior.  6 d. 
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DAVIDSON  (Rev.  Samuel),D.D., 
LL.D.  — continued. 

Canon  of  the  Bible  : Its 
Formation,  History,  and  Fluctua- 
tions. Second  Edition.  Small  crown 
8vo.  Cloth,  price  5s. 

DAVIES  (G.  Christopher). 
Mountain,  Meadow,  and 
Mere  : a Series  of  Outdoor  Sketches 
of  Sport,  Scenery,  Adventures,  and 
Natural  History.  With  Sixteen  Il- 
lustrations by  Bosworth  W.  Har- 
court.  Crown  8vo.  Cloth,  price  6j. 
Rambles  and  Adventures 
of  Our  School  Field  Club.  With 
Four  Illustrations.  Crown  8vo. 
Cloth,  price  jr. 

DAVIES  (Rev.  J.  L.),  M.A. 

Theology  and  Morality. 

Essays  on  Questions  of  Belief  and 
Practice.  Crown  8vo.  Cloth,  price 
7 r.  6d. 

DAVIES  (T.  Hart.). 

Catullus.  Translated  into 
English  Verse.  Crown  8vo.  Cloth, 
price  6s. 

DAWSON  (George),  M.A. 
Prayers,  with  a Discourse 
on  Prayer.  Edited  by  his  Wife. 
Fifth  Edition,  Crown  8vo.  Price  6s. 

Sermons  on  Disputed 
Points  and  Special  Occasions. 
Edited  by  his  Wife.  Third  Edition. 
Crown  8vo.  Cloth,  price  6s. 

Sermons  on  Daily  Life  and 
Duty.  Edited  by  his  Wife.  Second 
Edition.  Crown  8vo.  Cloth,  price  6s. 
DE  L’HOSTE  (Col.  E.  P.). 

The  Desert  Pastor,  Je^n 
Jarousseau.  Translated  from  the 
French  of  Eugene  Pelletan.  With  a 
Frontispiece.  New  Edition.  Fcap. 
8vo.  Cloth,  price  3$.  6d. 

DENNIS  (J.). 

English  Sonnets.  Collected 
and  Arranged.  Elegantly  bound. 
Fcap.  8vo.  Cloth,  price  3s.  6 d. 

DE  REDCDIFFE  (Viscount 
Stratford),  P.C.,  K.G.,  G.C.B. 
Why  am  I a Christian  ? 

Fifth  Edition.  Crown  8vo.  Cloth, 
price  3.7. 

DESPREZ  (Philip  S.). 

Daniel  and  John;  or,  the 
Apocalypse  of  the  Old  and  that  of 
the  New  Testament.  Demy  8vo. 
Cloth,  price  12 s. 


DE  TOCQUEVILLE  (A.). 
Correspondence  and  Con- 
versations of,  with  Nassau  Wil- 
liam Senior,  from  1834  to  1859. 
Edited  by  M.  C.  M.  Simpson.  2 
vols.  Post  8 vo.  Cloth,  price  21  s. 
DE  VERE  (Aubrey). 

Legends  of  the  Saxon 
Saints.  Small  crown  8vo.  Cloth, 
price  6s. 

Alexander  the  Great.  A 

Dramatic  Poem.  Small  crown  8vo. 
Cloth,  price  5$. 

The  Infant  Bridal,  and 

other  Poems.  A New  and  En- 
larged Edition.  Fcap.  8vo.  Cloth, 
price  •js.  6 d. 

The  Legends  of  St.  Patrick, 
and  other  Poems.  Small  crown 
8vo.  Cloth,  price  3 s. 

St.  Thomas  of  Canterbury. 

A Dramatic  Poem.  Large  fcap.  8vo. 
Cloth,  price  5$. 

Antar  and  Zara  : an  Eastern 
Romance.  Inisfail,  and  other 
Poems,  Meditative  and  Lyrical. 
Fcap.  8vo.  Price  6s. 

The  Fall  of  Rora,  the 
Search  after  Proserpine,  and 
other  Poems,  Meditative  and  Lyrical. 
Fcap.  8vo.  Price  6s. 

DOBSON  (Austin). 

Vignettes  in  Rhyme  and 
Vers  de  Societe.  Third  Edition. 
Fcap.  8vo.  Cloth,  price  sj. 
Proverbs  in  Porcelain.  By 
the  Author  of  “ Vignettes  in  Rhyme.” 
Second  Edition.  Crown  8vo.  6s. 
DOWDEN  (Edward),  LL.D. 
Shakspere : a Critical  Study 
of  his  Mind  and  Art.  Fourth  Edition. 
Large  post  8vo.  Cloth,  price  12J. 
Studies  in  Literature,  1789- 
1877.  Large  post  8vo.  Cloth,  price  1 2 s. 

Poems.  Second  Edition. 

Fcap.  8 vo.  Cloth,  price  5$. 
DOWNTON  (Rev.  H.),  M.A. 
Hymns  and  Verses.  Ori- 
ginal and  Translated.  Small  crown 
8vo.  Cloth,  price  3s.  6d. 

DRAPER  (J.  W.),  M.D.,  LL.D. 
History  of  the  Conflict  be- 
tween Religion  and  Science. 
Eleventh  Edition.  Crown  8vo.  Cloth, 
price  5J. 

y°lume  XIII.  of  The  International 
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DREW  (Rev.  G.  S.),  M.A. 
Scripture  Lands  in  con- 
nection with  their  History. 
Second  Edition.  8vo.  Cloth,  price 
ror.  6 d. 

Nazareth:  Its  Life  and 

Lessons.  Third  Edition.  Crown 
8vo.  Cloth,  price  5 r. 

The  Divine  Kingdom  on 
Earth  as  it  is  in  Heaven.  8vo. 
Cloth,  price  ror.  6 d. 

The  Son  of  Man  : His  Life 
and  Ministry.  Crown  8vo.  Cloth, 
price  7 r.  6 d. 

DREWRY  (G.  O.),  M.D. 

The  Common-Sense 
Management  of  the  Stomach. 
Fifth  Edition.  Fcap.  8vo.  Cloth, 
price  is.  6d. 

DREWRY  (G.  O.),  M.  D.,  and 
BARTLETT  (H.  C.),  Ph.  D., 
F.C.S. 

Cup  and  Platter : or,  Notes 
on  Food  and  its  Effects.  New  and 
cheaper  Edition.  Small  8vo.  Cloth, 
price  is.  6 d. 

DRUMMOND  (Miss). 

Tripps  Buildings.  A Study 

from  Life,  with  Frontispiece.  Small 
crown  8vo.  Cloth,  price  3 r.  6 d. 

DU  MONCEL  (Count). 

The  Telephone,  the  Micro- 
phone, and  the  Phonograph. 
With  74  Illustrations.  Small  crown 
8vo.  Cloth,  price  5s. 

DURAND  (Lady). 

Imitations  from  the  Ger- 
man of  Spitta  and  Terstegen. 
Fcap.  8vo.  Cloth,  price  +r. 

DU  VERNOIS  (Col.  von  Verdy). 
Studies  in  leading  Troops. 
An  authorized  and  accurate  Trans- 
lation by  Lieutenant  H.  J.  T. 
Hildyard,  71st  Foot.  Parts  I.  and 
II.  Demy  8vo.  Cloth,  price  7s. 

EDEN  (Frederick). 

The  Nile  without  a 

Dragoman.  Second  Edition. 
Crown  8 vo.  Cloth,  price  7 s.  6 d. 

EDMONDS  (Herbert). 

Well  Spent  Lives  : a Series 
of  Modem  Biographies.  Crown  8vo. 
Price  5f. 


Educational  Code  of  the 
Prussian  Nation,  in  its  Present 
Form.  In  accordance  with  the 
Decisions  of  the  Common  Provincial 
Law,  and  with  those  of  Recent 
Legislation.  Crown  8vo.  Cloth, 
price  2 s.  6 d. 

Edwards  (Rev.  Basil). 

Minor  Chords;  or,  Songs 
for  the  Suffering : a Volume  of 
Verse.  Fcap.  8vo.  Cloth,  price 
31.  6 d.  ; paper,  price  2 r.  6 d. 
ELLIOT  (Lady  Charlotte). 
Medusa  and  other  Poems. 
Crown  8vo.  Cloth,  price  6s. 
ELLIOTT  (Ebenezer),  The  Corn- 
Law  Rhymer. 

Poems.  Edited  by  his  Son, 
the  Rev.  Edwin  Elliott,  of  St.  John’s, 
Antigua.  2 vols.  Crown  8vo.  Cloth, 
price  i8r. 

ELSDALE  (Henry). 

Studies  in  Tennyson’s 
Idylls.  Crown  8vo.  Cloth,  price  5.1. 
Epic  of  Hades  (The). 

By  the  author  of  “ Songs  of  Two 
Worlds.”  Ninth  and  finally  revised 
Edition.  Fcap.8vo. Cloth, price 7^.6^. 
***  Also  an  Illustrated  Edition  with 
seventeen  full-page  designs  in  photo- 
mezzotint by  George  R.  Chapman. 
4to.  Cloth, extra  gilt  leaves, price  25 r. 
Eros  Agonistes. 

Poems.  By  E.  B.  D.  Fcap.  8vo. 
Cloth,  price  3s.  6 d. 

Essays  on  the  Endowment 

of  Research. 

By  Various  Writers. 

Square  crown  8vo.  Cloth,  price 
1 or.  6d. 

EVANS  (Mark). 

The  Gospel  of  Home  Life. 

Crown  8vo.  Cloth,  price  4$.  6d. 

The  Story  of  our  Father’s 

Love,  told  to  Children.  Fourth 
and  Cheaper  Edition.  With  Four 
Illustrations.  Fcap.  8vo.  Cloth, 
price  is.  6 d. 

A Book  of  Common  Prayer 
and  Worship  for  Household 
Use,  compiled  exclusively  from  the 
Holy  Scriptures.  Fcap.  8vo.  Cloth, 
price  2 s.  6 d. 

The  King’s  Story  Book. 

In  three  parts.  Fcap.  8vo.  Cloth, 
price  is.  61 i.  each. 

Part  I.,  with  four  illustrations 
and  Picture  Map,  now  ready. 
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EX-CIVILIAN. 

Life  in  the  Mofussil;  or, 

Civilian  Life  in  Lower  Bengal.  2 
vols.  Large  post  8vo.  Price  14J. 

EYRE  (Maj.-Gen.  Sir  V.),  C.B., 
K.C.S.I.,  &c. 

Lays  of  a Knight-Errant 

in  many  Lands.  Square  crown 
8vo.  With  Six  Illustrations.  Cloth, 
price  7 s.  6 d. 

FARQUHARSON  (M.). 

I.  Elsie  Dinsmore.  Crown 

8vo.  Cloth,  price  3 .s'.  6d. 

II.  Elsie’s  Girlhood.  Crown 

Svo.  Cloth,  price  3s.  6d. 

III.  Elsie’s  Holidays  at 
Roselands.  Crown  8vo, 
Cloth,  price  3$.  6d. 

FERRIS  (Henry  Weybridge). 
Poems.  Fcap.  8vo.  Cloth, 
price  s s. 

FIELD  (Horace),  B.A.  Lond. 
The  Ultimate  Triumph  of 
Christianity.  Small  crown  8vo. 
Cloth,  price  3 r.  6d. 

FINN  (the  late  James),  M.R.A.S. 

Stirring  Times ; or,  Records 

from  Jerusalem  Consular  Chronicles 
of  1853  t0  1856.  Edited  and  Com- 
piled by  his  Widow.  With  a Preface 
by  the  Viscountess  Strangford. 
2 vols.  Demy  8vo.  Price  30  s. 

FLEMING  (James),  D.D. 

Early  Christian  Witnesses; 
or,  Testimonies  of  the  First  Cen- 
turies to  the  Truth  of  Christianity. 
Small  crown  8vo.  Cloth,  price  36-.  6d. 

Folkestone  Ritual  Case 

(The).  The  Argument, Proceedings, 
Judgment,  and  Report,  revised  by 
the  several  Counsel  engaged.  Demy 
8vo.  Cloth,  price  25^. 

FOOTMAN  (Rev.  H.),  M. A. 

From  Home  and  Back;  or, 

Some  Aspects  of  Sin  as  seen  in  the 
Light  of  the  Parable  of  the  Prodigal. 
Crown  8vo.  Cloth,  price  5s. 

FOWLE  (Rev.  Edmund). 

Latin  Primer  Rules  made 

Easy.  Crown  8vo.  Cloth,  price  3r. 


FOWLE  (Rev.  T.  W.),  M. A. 

The  Reconciliation  of  Re- 
ligion and  Science.  _ Being  Essays 
on  Immortality,  Inspiration,  Mira- 
cles, and  the  Being  of  Christ.  Demy 
8vo.  Cloth!  price  10s.  6 d. 

The  Divine  Legation  of 
Christ.  Crown  Svo.  Cloth,  price  ys. 
FOX-BOURNE  (H.  R.). 

The  Life  of  John  Locke, 

1632 — 1704.  2 vols.  Demy  8vo. 

Cloth,  price  28s. 

FRASER  (Donald). 

Exchange  Tables  of  Ster- 
ling and  Indian  Rupee  Cur- 
rency, upon  a new  and  extended  sys- 
tem, embracing  Values  from  One 
Farthing  to  One  Hundred  Thousand 
Pounds,  and  at  Rates  progressing,  in 
Sixteenths  of  a Penny,  from  ir.  9 d.  to 
2 s.  3d.  per  Rupee.  Royal  8vo. 
Cloth,  price  ior.  6 d. 

FRISWELL  (J.  Hain). 

The  Better  Self.  Essays  for 
Home  Life.  Crown  8vo.  Cloth, 
price  6s. 

One  of  Two;  or,  A Left- 
Handed  Bride.  With  a Frontis- 
piece. Crown  8vo.  Cloth,  price  3s.  6 d. 

FYTCHE  (Lieut. -Gen.  Albert), 
C.S.I.,  late  Chief  Commissioner  of 
British  Burma. 

Burma  Past  and  Present, 

with  Personal  Reminiscences  of  the 
Country.  With  Steel  Portraits,  Chro- 
molithographs, Engravingson  Wood, 
and  Map.  2 vols.  Demy  8vo.  Cloth, 
price  30s. 

GAMBIER  (Capt.  J.  W.),  R.N  . 
Servia.  Crown  8vo.  Cloth, 
price  5s-. 

GARDNER  (H.). 

Sunflowers.  A Book  of 
Verses.  Fcap.  8vo.  Cloth,  price  5.?. 
GARDNER  (J.),  M.D. 
Longevity:  The  Means  of 
Prolonging  Life  after  Middle 
Age.  Fourth  Edition,  Revised  and 
Enlarged.  Small  crown  8vo.  Cloth, 
price  4J. 

GARRETT  (E.). 

By  Still  Waters.  A Story 
for  Quiet  Hours.  With  Seven  Illus- 
trations. Crown  8vo.  Cloth,  price  6s. 


A List  of 


T 2 


GEBLER  (Karl  Von). 

Galileo  Galilei  and  the 
Roman  Curia,  from  Authentic 
Sources.  Translated  with  the  sanc- 
tion of  the  Author,  by  Mrs.  George 
Sturge.  Demy8vo.  Cloth,  price  i2r. 

GEDDES  (James). 

History  of  the  Administra- 
tion of  John  de  Witt,  Grand  Pen- 
sionary of  Holland.  Vol.  I.  1623 — 
1654.  Demy  8vo.,  with  Portrait. 
Cloth,  price  15X. 

G.  H.  T. 

Verses,  mostly  written  in 
India.  Crown  8vo.  Cloth,  price  6s. 
GILBERT  (Mrs.). 
Autobiography  and  other 
Memorials.  Edited  by  Josiah 
Gilbert.  Third  Edition.  With  Por- 
trait and  several  Wood  Engravings. 
Crown  8vo.  Cloth,  price  •js.  6d. 

GILL  (Rev.  W.  W.),  B.A. 
Myths  and  Songs  from  the 
South  Pacific.  With  a Preface  by 
F.  Max  Muller,  M.A.,  Professor  of 
Comparative  Philology  at  Oxford. 
Post  8vo.  Cloth,  price  gs. 

GLOVER  (F.),  M.A. 

Exempla  Latina.  A First 
Construing  Book  with  Short  Notes, 
Lexicon,  and  an  Introduction  to  the 
Analysis  of  Sentences.  Fcap.  8vo. 
Cloth,  price  2s. 

GODWIN  (William). 

William  Godwin:  His 
Friends  and  Contemporaries. 
With  Portraits  and  Facsimiles  of  the 
handwriting  of  Godwin  and  his  Wife. 
By  C.  Kegan  Paul.  2 vols.  Demy 
8vo.  Cloth,  price  285. 

The  Genius  of  Christianity 
Unveiled.  Being  Essays  never 
before  published.  Edited,  with  a 
Preface,  by  C.  Kegan  Paul.  Crown 
8vo.  Cloth,  price  7 s.  6d. 

GOETZE  (Capt.  A.  von). 

Operations  of  the  German 
Engineers  during  the  War  of 
1870-1871.  Published  by  Authority, 
and  in  accordance  with  Official  Docu- 
ments. Translated  from  the  German 
by  Colonel  G.  Graham,  V.C.,  C.B., 
R.E.  With  6 large  Maps.  Demy 
3^0.  Cloth,  price  21J. 


GOLDIE  (Lieut.  M.  H.  G.) 

Hebe  : a Tale.  Fcap.  8vo, 

Cloth,  price  5*. 

GOLDSMID(SirF rancis  Henry). 
Memoir  of.  With  Portrait. 
Crown  8 vo.  Cloth,  price  5 s. 

GOODENOUGH  (Commodore  I 
G.),  R.N.,  C.B.,  C.M.G. 
Memoir  of,  with  Extracts  from 

his  Letters  and  Journals.  Edited  by 
his  Widow.  With  Steel  Engraved 
Portrait.  Square  8vo.  Cloth,  5 s. 

***  Also  a Library  Edition  with 
Maps,  Woodcuts,  and  Steel  En- 
graved Portrait.  Squara  post  8vo. 
Cloth,  price  14s. 

GOSSE  (Edmund  W.). 

Studies  in  the  Literature  of 
Northern  Europe.  With  a Frontis- 
piece designed  and  etched  by  Alma 
Tadema.  Large  post  8vo.  Cloth, 
price  12  s. 

New  Poems.  Crown  8vo. 

Cloth,  price  7 r.  6 d. 

GOULD  (Rev.  S.  Baring),  M.A. 
Germany,  Present  and  Past. 
2 Vols.  Demy  8 vo.  Cloth,  price  2 is. 
The  Vicar  of  Morwenstow: 
a Memoir  of  the  Rev.  R.  S.  Hawker. 
With  Portrait.  Third  Edition,  re- 
vised. Square  post  8 vo.  Cloth,  10s.  td. 

GRANVILLE  (A.  B.),  M.  D., 

F.R.S.,  &c. 

Autobiography  of  A.  B. 
Granville,  F.  R.  S.,&c.  Edited, 
with  a brief  Account  of  the  concluding 
Years  of  his  Life,  by  his  youngest 
Daughter,  Paulina  B.  Granville.  2 
vols.  With  a Portrait.  Second  Edi- 
tion. Demy  8vo.  Cloth,  price  321. 

GREY  (John),  of  Dilston. 

John  Grey  (of  Dilston): 
Memoirs.  By  Josephine  E.  Butler. 
New  and  Revised  Edition.  Crown 
8vo.  Cloth,  price  3.1.  6 d. 

GRIFFITH  (Rev.  T),  A.M. 
Studies  of  the  Divine  Mas- 
ter. Demy  8vo.  Cloth,  price  12s. 
GRIFFITHS  (Capt.  Arthur). 
Memorials  of  Millbank,and 
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With  Illustrations  by  R.  Goff  and 
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price  21s. 
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GRIMLEY  (Rev.  H.  N.),  M. A. 
Tremadoc  Sermons,  chiefly 
on  the  Spiritual  Body,  the  Unseen 
World,  and  the  Divine  Humanity. 
Second  Edition.  Crown  8vo.  Cloth, 
price  6s. 

GRUNER  (M.  L). 

Studies  of  Blast  Furnace 
Phenomena.  Translated  by  L.  D. 
B.  Gordon,  F.R.S.E.,  F.G.S.  Demy 
Svo.  Cloth,  price  js.  6d. 

GURNEY  (Rev.  Archer). 

Words  of  Faith  and  Cheer. 
A Mission  of  Instruction  and  Sugges- 
tion. Crown  8vo.  Cloth,  price  6s. 
Gwen  : A Drama  in  Mono- 
logue. By  the  Author  of  the  “ Epic 
of  Hades.”  Second  Edition.  Fcap. 
8vo.  Cloth,  price  5$. 

HAECKEL  (Prof.  Ernst). 

The  History  of  Creation. 

Translation  revised  by  Professor  E. 
Ray  Lankester,  M.A.,  F.R.S.  With 
Coloured  Plates  and  Genealogical 
Trees  of  the  various  groups  of  both 
plants  and  animals.  2 vols.  Second 
Edition.  Post  8vo.  Cloth,  price  32.?. 
The  History  of  the  Evolu- 
tion of  Man.  With  numerous  Il- 
lustrations. 2 vols.  Large  post  8vo. 
Cloth,  price  32.?. 

Freedom  in  Science  and 
Teaching.  From  the  German  of 
Ernst  Haeckel,  with  a Prefatory 
Note  by  T.  H.  Huxley,  F.R.S. 
Crown  8vo.  Cloth,  price  5$. 

HAKE  (A.  Egmont). 

Paris  Originals,  with  twenty 
etchings,  by  Leon  Richeton.  Large 
post  8vo.  Cloth,  price  14s. 

Halleck’s  International 

Law ; or,  Rules  Regulating  the 
Intercourse  of  States  in  Peace  and 
War.  A New  Edition,  revised,  with 
Notes  and  Cases.  By  Sir  Sherston 
Baker,  Bart.  2 vols.  Demy  8vo. 
Cloth,  price  38$. 

HARCOURT  (Capt.  A.  F.  P.). 

The  Shakespeare  Argosy. 

Containing  much  of  the  wealth  of 
Shakespeare’s  Wisdom  and  Wit, 
alphabetically  arranged  and  classi- 
fied. Crown  8vo.  Cloth,  price  6s. 
HARDY  (Thomas). 

A Pair  of  Blue  Eyes,  New 
Edition.  With  Frontispiece.  Crown 
8vo.  Cloth,  price  6s. 


HARDY  (T  ho  mas)— cont  in i/ed. 
The  Return  of  the  Native. 
New  Edition.  VWith  Frontispiece. 
Crown  8vo.  Cloth,  price  6s. 

HARRISON  (Lieut. -Col.  R.). 
The  Officer’s  Memoran- 
dum Book  for  Peace  and  War. 
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HAWEIS  (Rev.  H.  R.),  M.A. 
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8vo.  Second  Edition.  Cloth,  price  6s. 
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Edition.  Crown  8vo.  Cloth,  price  gs. 

Thoughts  for  the  Times. 

Eleventh  Edition.  Crown  8vo.  Cloth, 
price  7 s.  6 d. 

Unsectarian  Family 
Prayers.  New  and  Cheaper  Edition. 
Fcap.  8vo.  Cloth,  price  is.  6d. 

HAWKER  (Robert  Stephen). 

The  Poetical  Works  of. 

Now  first  collected  and  arranged 
with  a prefatory  notice  by  J.  G. 
Godwin.  With  Portrait.  Crown  8vo. 
Cloth,  price  12.?. 

HELLWALD  (Baron  F.  von). 
The  Russians  in  Central 
Asia.  A Critical  Examination, 
down  to  the  present  time,  of  the 
Geography  and  History  of  Central 
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Theodore  Wirgman,  LL.  B.  Large 
post  8vo.  With  Map.  Cloth, 
price  12.V. 

HELVIG  (Major  H.). 

The  Operations  of  the  Ba- 
varian Army  Corps.  Translated 
by  Captain  G.  S.  Schwabe.  With 
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Tactical  Examples:  Vol.  I. 
The  Battalion,  price  15 s.  Vol.  II.  The 
Regiment  and  Brigade,  price  lor.  6d. 
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Diagrams.  Demy  8vo.  Cloth. 
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Portrait  engraved  on  Steel  by  C.  H. 
Jeens.  Second  Edition.  Crown  8vo. 
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With  an  Introduction  by  Shadworth 
Hodgson.  Edited  by  C.  H.  Hinton. 
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tion. Crown  8 vo.  Cloth,  price  3.?.  6d. 

Physiology  for  Practical 

U se.  By  various  Writers.  With  50 
Illustrations.  2 vols.  Second  Edition. 
Crown  8vo.  Cloth,  price  12s.  6d. 

An  Atlas  of  Diseases  of  the 
Membrana  Tympani.  With  De- 
scriptive Text.  Post  8 vo.  Price  .£6  6*. 

The  Questions  of  Aural 

Surgery.  With  Illustrations.  2 vols. 
Post  8vo.  Cloth,  price  12*.  6 d. 

The  Mystery  of  Pain. 

New  Edition.  Fcap.  8vo.  Cloth 
limp,  is. 

HOCKLEY  (W.  B.). 

Tales  of  the  Zenana;  or, 

A Nuwab’s  Leisure  Hours.  By  the 
Author  of  “ Pandurang  Hari.”  With 
a Preface  by  Lord  Stanley  of  Alder- 
ley.  2 vols.  Crown  8vo.  Cloth, 
price  2ir. 

Pandurang  Hari;  or,  Me- 
moirs of  a Hindoo.  A Tale  of 
Mah'ratta  Life  sixty  years  ago.  With 
a Preface  by  Sir  H.  Bartle  E. 
Frere,  G.  C.  S.  L,  &c.  New  and 
Cheaper  Edition.  Crown  8vo.  Cloth, 
price  6s. 


HOFFBAUER  (Capt.). 

The  German  Artillery  in 
the  Battles  near  Metz.  Based 
on  the  official  reports  of  the  German 
Artillery.  Translated  by  Capt.  E. 
O.  Hollist.  With  Map  and  Plans. 
Demy  8vo.  Cloth,  price  21  s. 

HOLMES  (E.  G.  A.). 

Poems.  First  and  Second  Se- 
ries. Fcap.8vo.  Cloth,  prices*. each. 

HOLROYD  (Major  W.  R.  M.). 
Tas-hil  ul  Kalam  ; or, 
Hindustani  made  Easy.  Crown  8vo. 
Cloth,  price  5*. 

HOOPER  (Mary). 

Little  Dinners:  How  to 

Serve  them  with  Elegance  and 
Economy.  Thirteenth  Edition. 
Crown  8vo.  Cloth,  price  5*. 

Cookery  for  Invalids,  Per- 
sons of  Delicate  Digestion,  and 
Children.  Crown  8vo.  Cloth,  price 
3*.  6 d. 

Every-Day  Meals.  Being 
Economical  and  Wholesome  Recipes 
for  Breakfast,  Luncheon,  and  Sup- 
per. Second  Edition.  Crown  8vo. 
Cloth,  price  5*. 

HOOPER  (Mrs.  G.). 

The  House  of  Raby.  With 

a Frontispiece.  Crown  8vo.  Cloth, 
price  3*.  6 d. 

HOPKINS  (Ellice). 

Life  and  Letters  of  James 

Hinton,  with  an  Introduction  by  Sir 
W.  W.  Gull,  Bart.,  and  Portrait  en- 
graved on  Steel  by  C.  H.  Jeens. 
Second  Edition.  Crown  8vo.  Cloth 
price  8*.  6 d. 

HOPKINS  (M.). 

The  Port  of  Refuge ; or, 

Counsel  and  Aid  to  Shipmasters  in 
Difficulty,  Doubt,  or  Distress.  Crown 
8vo.  Second  and  Revised  Edition. 
Cloth,  price  6*. 

HORNE  (William),  M.A. 
Reason  and  Revelation  : 

an  Examination  into  the  Nature  and 
Contents  of  Scripture  Revelation,  as 
compared  with  other  Forms  of  Truth. 
Demy  8vo.  Cloth,  price  12*. 
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HORNER  (The  Misses). 

Walks  in  Florence.  A New 

and  thoroughly  Revised  Edition.  2 
vols.  Crown  8vo.  Cloth  limp.  With 
Illustrations. 

Vol.  I.— Churches,  Streets,  and 
Palaces.  1 os.  6d.  Vol.  II.  Public 
Galleries  and  Museums.  5*- 

HOWELL  (James). 

A Tale  of  the  Sea,  Son- 
nets, and  other  Poems.  Fcap. 
8vo.  Cloth,  price  5s. 

HUGHES  (Allison). 

Penelope  and  other  Poems. 

Fcap.  8vo.  Cloth,  price  4$.  6d. 
HULL  (Edmund  C.  P.). 

The  European  in  India. 

With  a Medical  Guide  for  Anglo- 
Indians.  By  R.  R.  S.  Mair,  M.D., 
F.R.C.S.E.  Third  Edition,  Revised 
and  Corrected.  Post  Svo.  Cloth, 
price  6s. 

HUTCHISON  (Lieut.-Col.  F.  J.), 
and  Capt.G.  H.  MACGREGOR. 
Military  Sketching  and  Re- 
connaissance. With  Fifteen  Plates. 
Small  8vo.  Cloth,  price  6s. 

The  first  Volume  of  Military  Hand- 
books for  Regimental  Officers.  Edited 
by  Lieut.-Col.  C.  B.  Brackenbury, 
R.A.,  A.A.G. 

HUTTON  (Arthur),  M.A. 

The  Anglican  Ministry.  Its 

Nature  and  Value  in  relation  to  the 
Catholic  Priesthood.  With  a Pre- 
face by  his  Eminence  Cardinal  New- 
man. Demy8vo.  Cloth,  price  14.?. 

HUXLEY  (Prof.) 

The  Crayfish : An  Intro- 
duction to  the  Study  of  Zoology. 
With  Eighty-two  Illustrations. 
Crown  8vo.  Cloth,  price  6s. 

Volume  XXVIII.  of  the  Interna- 
tional Scientific  Scientific  Series. 

INCHBOLD  (J.  W.). 

Annus  Amoris.  Sonnets. 
Fcap.  8vo.  Cloth,  price  4J.  6 d. 
INGELOW  (Jean). 

Off  the  Skelligs.  A Novel. 
With  Frontispiece.  Second  Edition. 
Crown  8vo.  Cloth,  price  6r. 

The  Little  Wonder-horn. 

A Second  Series  of  “ Stories  Told  to 
a Child.”  With  Fifteen  Illustrations. 
Small  8vo.  Cloth,  price  2s.  6 d. 


Indian  Bishoprics.  By  an 

Indian  Churchman.  Demy  8vo.  6d. 

International  Scientific 
Series  (The). 

I.  Forms  of  Water  : A Fami- 

liar Exposition  of  the  Origin  and 
Phenomena  of  Glaciers.  By  J. 
Tyndall,  LL.D.,  F.R.  S.  With  25 
Illustrations.  Seventh  Edition. Crown 
8vo.  Cloth,  price  5J. 

II.  Physics  and  Politics  ; or, 
Thoughts  on  the  Application  of  the 
Principles  of  “ Natural  Selection” 
aud  “ Inheritance  ” to  Political  So- 
ciety. By  Walter  Bagehot.  Fourth 
Edition.  Crown  8vo.  Cloth,  price  4s. 

III.  Foods.  By  Edward  Smith, 
M.D.,  &c.  With  numerous  Illus- 
trations. Fifth  Edition.  Crown  8vo. 
Cloth,  price  5J. 

IV.  Mind  and  Body:  The  Theo- 
ries of  their  Relation.  By  Alexander 
Bain,  LL.D.  With  Four  Illustra- 
tions. Sixth  Edition.  Crown  8vo. 
C'oth,  price  4.1. 

V . The  Study  of  Sociology. 
ByHerbert  Spencer.  SeventhEdition. 
Crown  8vo.  Cloth,  price  5L 

VI.  On  the  Conservation  of 
Energy.  By  Balfour  Stewart, 
LL.D.,  &c.  With  14  Illustrations. 
Fifth  Edition.  Crown  8vo.  Cloth, 
price  sr. 

VII.  Animal  Locomotion ; or. 

Walking,  Swimming,  and  Flying. 
By  J.  B.  Pettigrew,  M.D.,  &c.  With 
130  Illustrations.  Second  Edition. 
Crown  8vo.  Cloth,  price  s-r. 

VIII.  Responsibility  in  Mental 
Disease.  By  Henry  Maudsley, 
M.  D.  Third  Edition.  Crown  8vo. 
Cloth,  price  5J. 

IX.  The  New  Chemistry.  By 
Professor  J.  P.  Cooke.  With  31  Illus- 
trations. Fourth  Edition.  Crown  8vo. 
Cloth,  price  5 s. 

X.  The  Science  of  Law.  By 
Prof.  Sheldon  Amos.  Third  Edition. 
Crown  8vo.  Cloth,  price  $s. 

XI.  Animal  Mechanism.  A 
Treatise  on  Terrestrial  and  Aerial 
Locomotion.  By  Prof.  E.  J.  Marey. 
With  117  Illustrations.  Second 
Edition.  Crown  8vo.  Cloth,  price  5$. 

XII.  The  Doctrine  of  Descent 
and  Darwinism.  By  Prof.  Oscar 
Schmidt.  With  26  Illustrations. 
Third  Edition.  Crown  8vo.  Cloth, 
price  5r. 
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Series  (The) — continued. 

XIII.  The  History  of  the  Con- 
flict between  Religion  and  Sci- 
ence. By  J.  W.  Draper,  M.D., 
LL.D.  Eleventh  Edition.  Crown 
8vo.  Cloth,  price  5.9 

XIV.  Fungi  ; their  Nature,  In- 
fluences, Uses,  &c.  By  M.  C. 
Cooke,  LL.D.  Edited  by  the  Rev. 
M.  J.  Berkeley,  F.L.S.  With  nume- 
rous Illustrations.  Second  Edition. 
Crown  8vo.  Cloth,  price  59. 

XV.  The  Chemical  Effects  of 
Light  and  Photography.  By  Dr. 
Hermann  Vogel.  With  100  Illustra- 
tions. Third  and  Revised  Edition. 
Crown  8vo.  Cloth,  price  59. 

XVI.  The  Life  and  Growth  of 
Language.  By  Prof.  William 
Dwight  Whitney.  Second  Edition. 
Crown  8vo.  Cloth,  price  59. 

XVII.  Money  and  the  Mecha- 
nism of  Exchange.  By  W.  Stan- 
ley Jevons,  F.R.S.  Fourth  Edition. 
Crown  8vo.  Cloth,  price  59. 

XVIII.  The  Nature  of  Light : 
With  a General  Account  of  Physical 
Optics.  By  Dr.  Eugene  Lommel. 
With  188  Illustrations  and  a table  of 
Spectra  in  Chromo  - lithography. 
Second  Edition.  Crown  8vo.  Cloth, 
price  59. 

XIX.  Animal  Parasites  and 
Messmates.  By  M.  Van  Beneden. 
With  83  Illustrations.  Second  Edi- 
tion. Crown  8vo.  Cloth,  price  5 9. 

XX.  Fermentation.  By  Prof. 
Schiitzenberger.  With  28  Illustra- 
tions. Second  Edition.  Crown  8vo. 
Cloth,  price  59. 

XXI.  The  Five  Senses  of  Man. 
By  Prof.  Bernstein.  With  gi  Illus- 
trations. Second  Edition.  Crown 
8vo.  Cloth,  price  59. 

XXII.  The  Theory  of  Sound  in 
its  Relation  to  Music.  By  Prof. 
Pietro  Blaserna.  With  _ numerous 
Illustrations.  Second  Edition.  Crown 
8vo.  Cloth,  price  59. 

XXIII.  Studies  in  Spectrum 
Analysis.  By  J.  Norman  Lockyer. 
F.R.S.  With  six  photographic  Il- 
lustrations of  Spectra,  and  numerous 
engravings  on  wood.  Crown  8vo. 
Second  Edition.  Cloth,  price  69.  6d. 

XXIV.  A History  of  the  Growth 
of  the  Steam  Engine.  By  Prof. 
R.  H.  Thurston.  With  numerous 
Illustrations.  Second  Edition.  Crown 
8vo.  Cloth,  price  6s.  6d. 
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By  Alexander  Bain,  LL.D.  Third 
Edition.  Crown  8vo.  Cloth,  price  59. 

XXVI.  The  Human  Species. 
By  Prof.  A.  de  Quatrefages.  Second 
Edition.  Crown  8vo.  Cloth,  price  59. 

XXVII.  Modern  Chromatics. 
With  Applications  to  Art  and  Indus- 
try, by  Ogden  N.  Rood.  With  930 
original  Illustrations.  Crown  8vo. 
Cloth,  price  59. 

XXVIII.  The  Crayfish  : an  Intro- 
duction to  the  Study  of  Zoology.  By 
Prof.  T.  H.  Huxley.  With  eighty- 
two  Illustrations.  Crown  8vo.  Cloth, 
price  69. 
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Prof.  W.  Kingdon  Clifford,  M.A. 
The  First  Principles  of  the  Exact 
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The  Physical  Geography  of  the  Sea. 
Sir  John  Lubbock,  Bart.,  F.R.S. 
O11  Ants  and  Bees. 

Prof.  W.  T.  Thiselton  Dyer,  B.  A., 
B.  Sc.  Form  and  Habit  in  Flowering 
Plants. 

Prof.  Michael  Foster,  M.D.  Pro- 
toplasm and  the  Cell  Theory. 

H.  Charlton  Bastian,  M.D., 
F.R.S.  The  Brain  as  an  Organ  of 
Mind. 

Prof.  A.  C.  Ramsay,  LL.D.,  F.R.S. 
Earth  Sculpture : Hills,  Valleys, 
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how  they  were  Produced,  and  how 
they  have  been  Destroyed. 

P.  Bert  (Professor  of  Physiology, 
Paris).  Forms  of  Life  and  other 
Cosmical  Conditions. 

The  Rev.  A Secchi,  D.J.,  late 
Director  of  the  Observatory  at  Rome. 
The  Stars. 

Prof.  J.  Rosenthal,  of  the  Univer- 
sity of  Erlangen.  General  Physiology 
of  Muscles  and  Nerves. 

Francis  Galton,  F.R.S.  Psycho- 
metry. 

J.  W.  Judd,  F.R.S.  The  Laws  of 
Volcanic  Action. 

Prof.  F.  N.  Balfour.  The  Em- 
bryonic Phases  of  Animal  Life.  • 
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J.  Luys,  Physician  to  the  Hospice 
de  la  Salpetriere.  The  Brain  and  its 
Functions.  With  Illustrations. 

Dr.  Carl  Semper.  Animals  and 
their  Conditions  of  Existence. 

Prof.  Wurtz.  Atoms  and  the 
Atomic  Theory. 

George  J.  Romanes,  F.L.S.  Ani- 
mal Intelligence. 

Alfred  W.  Bennett.  A Hand- 
book of  Cryptogamic  Botany. 

JACKSON  (T.  G.). 

Modern  Gothic  Architec- 

ture. Crown  8vo.  Cloth,  price  5$. 

JACOB  (Maj.-Gen.  Sir  G.  Le 
Grand),  K.C.S.I.,  C.B. 
Western  India  before  and 
during  the  Mutinies.  Pictures 
drawn  from  life.  Second  Edition. 
Crown  8vo.  Cloth,  price  7 s.  6d. 

JENKINS  (Rev.  Canon). 

The  Girdle  Legend  of  Prato. 

Small  crown  8vo.  Cloth,  price  2.v. 

JENKINS  (E.)  and  RAYMOND 
(J.),  Esqs. 

A Legal  Handbook  for 
Architects,  Builders,  and  Build- 
ing Owners.  Second  Edition  Re- 
vised. Crown  8vo.  Cloth,  price  6s. 

JENKINS  (Rev.  R.  C.),  M. A. 

The  Privilege  of  Peter  and 

the  Claims  of  the  Roman  Church 
confronted  with  the  Scriptures,  the 
Councils,  and  the  Testimony  of  the 
Popes  themselves.  Fcap.  8vo.  Cloth, 
price  3$.  6 d. 

JENNINGS  (Mrs.  Vaughan). 
Rahel  : Her  Life  and  Let- 
ters. With  a Portrait  from  the 
Painting  by  Daffinger.  Square  post 
8vo.  Cloth,  price  7s.  6 d. 

Jeroveam’s  Wife  and  other 
Poems.  Fcap.  8vo.  Cloth,  price 
3r.  6d. 

JEVONS  (W.  Stanley),  M.A., 
F.R.S. 

Money  and  the  Mechanism 
of  Exchange.  Fourth  Edition. 
Crown  8vo.  Cloth,  price  5$. 

VolumeXVII.  of  The  International 
Scientific  Series. 


JOEL  (L.). 

A Consul’s  Manual  and 

Shipowner’s  and  Shipmaster’s  Prac- 
tical Guide  in  their  Transactions 
Abroad.  With  Definitions  of  Nauti- 
cal, Mercantile,  and  Legal  Terms  ; 
a Glossary  of  Mercantile  Terms  in 
English,  French,  German,  Italian, 
and  Spanish.  Tables  of  the  Money, 
Weights,  and  Measures  of  the  Prin- 
cipal Commercial  Nations  and  their 
Equivalents  in  British  Standards  ; 
and  Forms  of  Consular  and  Notarial 
Acts.  Demy  8vo.  Cloth,  price  12s-. 
JOHNSTONE  (C.  F.),  M. A. 
Historical  Abstracts.  Being 

Outlines  of  the  History  of  some  of 
the  less-known  States  of  Europe. 
Crown  8vo.  Cloth,  price  7 r.  6d. 

JONES  (Lucy). 

Puddings  and  Sweets.  Being 
Three  Hundred  and  Sixty-Five 
Receipts  approved  by  Experience. 
Crown  8vo.,  pride  is.  6d. 

JOYCE  (P.  W.),  LL.D.,  &c. 

Old  Celtic  Romances. 

Translated  from  the  Gaelic  by. 
Crown  8vo.  Cloth,  price  7s.  6d. 

KAUFMANN  (Rev.  M.),  B.A. 
Utopias;  or,  Schemes  of 
Social  Improvement,  from  Sir 
Thomas  More  to  Karl  Marx.  Crown 
8vo.  Cloth,  price  5 s. 

Socialism  : Its  Nature,  its 

Dangers,  and  its  Remedies  con- 
sidered. Crown  8 vo.  Cloth,  price  7 s.  6d. 
KAY  (Joseph),  M.A.,  Q.C. 

Free  Trade  in  Land. 
Edited  by  his  Widow.  With  Preface 
by  the  Right  Hon.  John  Bright, 
M.  P.  Third  Edition.  Crown  8vo. 
Cloth,  price  sr. 

KER  (David). 

The  Boy  Slave  in  Bokhara. 

A Tale  of  Central  Asia.  With  Illustra- 
tions. Crown  8vo.  Cloth,  price  3$.  6 d. 

The  Wild  Horseman  of 

the  Pampas.  Illustrated.  Crown 
8vo.  Cloth,  price  3J.  6d. 
KERNER  (Dr.  A.),  Professor  of 
Botany  in  the  University  of 
Innsbruck. 

Flowers  and  their  Unbidden 

Guests.  Translation  edited  by  W. 
Ogle,  M.A.,  M.D.,  and  a prefatory 
letter  by  C.  Darwin,  F.R.S.  With  Il- 
lustrations. Sq.  8vo.  Cloth,  price  gs. 
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KIDD  (Joseph),  M.D. 

The  Lawsof  Therapeutics, 

or,  the  Science  and  Art  of  Medicine. 
Crown  Svo.  Cloth,  price  6s. 

KINAHAN(G.  Henry),M.R.I.A., 
&c.,  of  her  Majesty’s  Geological 
Survey. 

Manual  of  the  Geology  of 
Ireland.  With  8 Plates,  26  Wood- 
cuts,  and  a Map  of  Ireland,  geologi- 
cally coloured.  Square  8vo.  Cloth, 
price  15$. 

KING  (Alice). 

A Cluster  of  Lives.  Crown 

8vo.  Cloth,  price  7 r.  6 d. 

KING  (Mrs.  Hamilton). 

The  Disciples.  A Poem. 
Third  Edition,  with  some  Notes. 
Crown  8vo.  Cloth,  price  ys.  6 d. 

Aspromonte,  and  other 
Poems.  Second  Edition.  Fcap. 
8vo.  Cloth,  price  4.9.  6d. 
KINGSLEY  (Charles),  M.A. 
Letters  and  Memories  of 

his  Life.  Edited  by  his  Wife. 
With  2 Steel  engraved  Portraits  and 
numerous  Illustrations  on  Wood,  and 
a Facsimile  of  his  Handwriting. 
Thirteenth  Edition.  2 vols.  Demy 
8vo.  Cloth,  price  36.9. 

***  Also  a Cabinet  Edition  in  2 
vols.  Crown  8vo.  Cloth,  price  12.9. 
All  Saints’  Day  and  other 
Sermons.  Second  Edition.  Crown 
8vo.  Cloth,  7 s.  6 d. 

True  Words  for  Brave 
Men:  a Book  for  Soldiers’  and 
Sailors’  Libraries.  Fifth  Edition. 
Crown  8vo.  Cloth,  price  2s.  6 d. 
KNIGHT  (A.  F.  C.). 

Poems.  Fcap.  8vo.  Cloth, 

price  s s. 

KNIGHT  (Professor  W.). 
Studies  in  Philosophy  and 
Literature.  Large  post  8vo.  Cloth, 
price  7 s.  6d. 

LACORDAIRE  (Rev.  Pere). 

Life : Conferences  delivered 
at  Toulouse.  A New  and  Cheaper 
Edition.  Crown  8 vo.  Cloth, price3J.  61 i. 
Lady  of  Lipari  (The). 

A Poem  in  Three  Cantos.  Fcap. 
8vo.  Cloth,  price  59. 
LAIRD-CLOWES  (W.). 

Love’s  Rebellion  : a Poem. 

Fcap.  8vo.  Cloth,  price  3s.  6 d. 


LAMONT  (Martha  MacDonald). 
The  Gladiator : A Life  under 
the  Roman  Empire  in  the  beginning 
of  the  Third  Century.  With  four 
Illustrations  by  H.  M.  Paget.  Extra 
fcap.  8 vo.  Cloth,  price  3.9.  6 d. 

LAYMANN  (Capt.). 

The  Frontal  Attack  of 
Infantry.  Translated  by  Colonel 
Edward  Newdigate.  Crown  8vo. 
Cloth,  price  2s.  6 d. 

LEANDER  (Richard). 
Fantastic  Stories.  Trans- 
lated from  the  German  by  Paulina 
B.  Granville.  With  Eight  full-page 
Illustrations  by  M.  E.  Fraser-Tytler. 
Crown  8vo.  Cloth,  price  59. 

LEE  (Rev.  F.  G.),  D.C.L. 

The  Other  World;  or, 

Glimpses  of  the  Supernatural.  2 vols. 
A New  Edition.  Crown  8vo.  Cloth, 
price  isr. 

LEE  (Holme). 

Her  Title  of  Honour.  A 

Book  for  Girls.  New  Edition.  With 
a Frontispiece.  Crown  8vo.  Cloth, 
price  5-r. 

LENOIR  (J.). 

F ayoum ; or,  Artists  in  Egypt. 
A Tour  with  M.  Gerome  and  others. 
With  13  Illustrations.  A New  and 
Cheaper  Edition.  Crown  8vo.  Cloth, 
price  39.  6 d. 

LEWIS  (Edward  Dillon). 

A Draft  Code  of  Criminal 
Law  and  Procedure.  Demy  8vo. 
Cloth,  price  21  s. 

LEWIS  (Mary  A.). 

A Rat  with  Three  Tales. 

With  Four  Illustrations  by  Catherine 
F.Frere.  Crown  8vo.  Cloth,  price  513 

LINDSAY (W.  Lauder),  M.D. ,&c. 

Mind  in  the  Lower  Animals 

in  Health  and  Disease.  2 vols. 
Demy  8vo.  Cloth,  price  329. 

LOCKER  (F.). 

London  Lyrics.  A New  and 
Revised  Edition,  with  Additions  and 
a Portrait  of  the  Author.  Crown  8vo. 
Cloth,  elegant,  price  6s. 

Also,  a Cheaper  Edition.  Fcap. 
8vo.  Cloth,  price  2 s.  6 d. 
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LOCKYER  (J.  Norman),  F.R.S. 
Studies  in  Spectrum  Ana- 
lysis ; with  six  photographic  illus- 
trations of  Spectra,  and  numerous 
engravings  on  wood.  Second  Edi- 
tion. Crown  8vo.  Cloth,  price  6s.  6 d. 

Vol.  XXIII.  of  The  International 
Scientific  Series. 

LOMMEL  (Dr.  E.). 

The  Nature  of  Light : With 

a General  Account  of  Physical  Optics. 
Second  Edition.  With  188  Illustra- 
tions and  a Table  of  Spectra  in 
Chromo-lithography.  Second  Edi- 
tion. Crown  8vo.  Cloth,  price  5$. 

Volume  XVIII.  of  The  Interna- 
tional Scientific  Series. 
LONSDALE  (Margaret). 

Sister  Dora.  A Biography, 
with  Portrait  engraved  on  steel  by 
C.  H.  Jeens,  and  one  illustration. 
Twelfth  edition.  Crown  8vo.  Cloth, 
price  6s. 

LORIMER  (Peter),  D.D. 

John  Knox  and  the  Church 
of  England  : HisWorkinher  Pulpit, 
and  his  Influence  upon  her  Liturgy, 
Articles,  and  Parties.  Demy  8vo. 
Cloth,  price  i2r. 

John  Wiclif  and  his 
English  Precursors,  by  Gerhard 
Victor  Lechler.  Translated  from 
the  German,  with  additional  Notes. 
2 vols.  Demy  8vo.  Cloth,  price  2 is. 
LOTHIAN  (Roxburghe). 

Dante  and  Beatrice  from 
1282  to  1290.  A Romance.  2 vols. 
Post  8 vo.  Cloth,  price  24.?. 
LOWNDES  (Henry). 

Poems  and  Translations. 

Crown  8 vo.  Cloth,  price  6s. 

LUCAS  (Alice). 

Translations  from  the 

Works  of  German  Poets  of  the 
18th  and  19th  Centuries.  Fcap. 
8vo.  Cloth,  price  5s. 

MAC  CLINTOCK  (L.). 

Sir  Spangle  and  the  Dingy 
Hen.  Illustrated.  Square  crown 
8vo.,  price  2 s.  6 d. 

MACDONALD  (G.). 

Malcolm.  With  Portrait  of 
the  Author  engraved  on  Steel.  Fourth 
Edition.  Crown  8vo.  Price  6s. 

The  Marquis  of  Lossie. 

Second  Edition.  Crown  8vo.  Cloth, 
price  6s. 


MACDONALD  (G.) — continued. 
St.  George  and  St.  Michael. 
Second  Edition.  Crown  8vo.  Cloth, 6s. 
MACKENNA  (S.  J.). 

Plucky  Fellows.  A Book 
for  Boys.  With  Six  Illustrations. 
Second  Edition.  Crown  8vo.  Cloth, 
price  3$.  6d. 

At  School  with  an  Old 

Dragoon.  With  Six  Illustrations. 
Second  Edition.  Crown  8vo.  Cloth, 
price  s x. 

MACLACHLAN  (A.  N.  C.),  M.  A. 
William  Augustus,  Duke 
of  Cumberland  : being  a Sketch’  of 
his  Military  Life  and  Character, 
chiefly  as  exhibited  in  the  General 
Orders  of  His  Royal  Highness, 
1745 — 1747.  With  Illustrations.  Post 
8vo.  Cloth,  price  15J. 
MACLACHLAN  (Mrs.). 

Notes  and  Extracts  on 
Everlasting  Punishment  and 
Eternal  Life,  according  to 
Literal  Interpretation.  Small 
crown  8vo.  Cloth,  price  3.?.  6d. 
MACN  AUGHT  (Rev.  John). 
Ccena  Domini:  An  Essay 

on  the  Lord's  Supper,  its  Primi- 
tive Institution,  Apostolic  Uses, 
and  Subsequent  History.  Demy 
8vo.  Cloth,  price  14.?. 
MAGNUSSON  (Eirikr),  M.A., 
and  PALMER (E.H.),  M.A. 
Johan  Ludvig  Runeberg’s 
Lyrical  Songs,  Idylls  and  Epi- 
grams. Fcap.  8vo.  Cloth,  price  s j. 
MAIR  (R.  S.),  M.D.,  F.R.C.S.E. 
The  Medical  Guide  for 
Anglo-Indians.  Being  a Compen- 
dium of  Advice  to  Europeans  in 
India,  relating  to  the  Preservation 
and  Regulation  of  Health;  With  a 
Supplement  on  the  Management  of 
Children  in  India.  Second  Edition. 
Crown  8vo.  Limp  cloth,  price  3.?.  6 d. 
MALDEN  (H.  E.  and  E.  E.) 
Princes  and  Princesses. 
Illustrated.  Small  crown  8 vo.  Cloth, 
price  2S.  6d. 

MANNING  (His  Eminence  Car- 
dinal). 

Essays  on  Religion  and 
Literature.  By  various  Writers. 
Third  Series.  Demy  8vo.  Cloth, 
price  iox.  6 d. 
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MANNING  (His  Eminence  Car- 
dinal ) — con  tinned. 

The  Independence  of  the 

H°ly  See,  with  an  Appendix  con- 
taining the  Papal  Allocution  and  a 
translation.  Cr.  8vo.  Cloth,  price  ss. 
The  True  Story  of  the 
Vatican  Council.  Crown  8vo. 
Cloth,  price  5.1. 

MAREY  (E.  J.). 

Animal  Mechanics.  A 
Treatise  on  Terrestrial  and  Aerial 
Locomotion.  With  117  Illustrations. 
Second  Edition.  Crown  8vo.  Cloth, 
price  5J. 

Volume  XI.  of  The  International 
Scientific  Series. 

MARKHAM  (Capt.  Albert  Hast- 
ings), R.N. 

The  Great  Frozen  Sea.  A 

Personal  Narrative  of  the  Voyage  of 
the  “Alert”  during  the  Arctic  Ex- 
pedition of  1875-6.  With  six  full- 
page  Illustrations,  two  Maps,  and 
twenty-seven  Woodcuts.  Fourth 
and  cheaper  edition.  Crown  8vo. 
Cloth,  price  6s. 

MARRIOTT  (Maj.-Gen.  W.  F.), 
C.S.I. 

A Grammar  of  Political 

Economy.  Crown  8vo.  Cloth, 
price  6r. 

Master  Bobby:  a Tale.  By 
the  Author  of  “ Christina  North.” 
With  Illustrations  by  E.  H.  Bell. 
Extra  fcap.  8vo.  Cloth,  price  ar.6 d. 
MASTERMAN  (J.). 
Half-a-dozen  Daughters. 
With  a Frontispiece.  Crown  8vo. 
Cloth,  price  3.?.  6d. 

MAUDSLEY  (Dr.  H.). 
Responsibility  in  Mental 
Disease.  Third  Edition.  Crown 
8vo.  Cloth,  price  5J. 

Volume  VIII.  of  The  International 
Scientific  Series. 

MAUGHAN  (W.  C.). 

The  Alps  of  Arabia;  or, 
Travels  through  Egypt,  Sinai,  Ara- 
bia, and  the  Holy  Land.  With  Map. 
Second  Edition.  Demy  8vo.  Cloth, 
price  5J. 

MEREDITH  (George). 
TheEgoist.  AComedyinNar- 
rative.  3 vols.  Crown  8vo.  Cloth. 

The  Ordeal  of  Richard  Fe- 

verel.  A History  of  Father  and  Son. 
Inonevol.  with  Frontispiece.  Crown 
8vo.  Cloth,  price  6s. 


MERRITT  (Henry). 

Art  - Criticism  and  Ro- 

mance. With  Recollections,  and 
1 wenty-three  Illustrations  in  can- 
forte,  by  Anna  Lea  Merritt.  Two 
Large  post  8vo.  Cloth,  251. 
MICKLETH  WAITE  (I.  T 1 
F.S.A.  u >' 


Modern  Parish  Churches: 

Their  Plan,  Design,  and  Furniture. 
Crown  8vo.  Cloth,  price  ns.  6 d. 
MIDDLETON  (The  Lady). 

Ballads.  Square  i6mo.  Cloth, 

price  3$.  6d. 

MILLER  (Edward). 

The  History  and  Doctrines 
of  Irvingism ; or,  the  so-called  Ca- 
tholic  and  Apostolic  Church.  2 vols. 
Large  post  8vo.  Cloth,  price  25 s. 
The  Church  in  Relation  to 
the  State.  Crown  8vo.  Cloth,  price 
7s.  6d. 


MILLER  (Robert). 

The  Romance  of  Love. 

Fcap.  8vo.  Cloth,  price  qs. 
MILNE  (James). 

Tables  of  Exchange  for  the 
Conversion  of  Sterling  Money  into 
Indian  and  Ceylon  Currency,  at 
Rates  from  is.  8 d.  to  2s.  3 d.  per 
Rupee.  Second  Edition.  Demy 
8vo.  Cloth,  price  2 j. 

MIVART  (St.  George),  F.R.S. 
Contemporary  Evolution  : 
An  Essay  on  some  recent  Social 
Changes.  Post  8vo.  Cloth,  price 
7 s.  6d. 


MOCKLER  (E.). 

A Grammar  of  the  Baloo- 
chee  Language,  as  it  is  spoken  in 
Makran  (Ancient  Gedrosia),  in  the 
Persia-Arabic  and  Roman  characters. 
Fcap.  8vo.  Cloth,  price  5r. 
MOFFAT  (Robert  Scott). 

The  Economy  of  Consump- 
tion; an  Omitted  Chapter  in  Political 
Economy,  with  special  reference  to 
the  Questions  of  Commercial  Crises 


and  the  Policy  of  Trades  Unions ; and 
with  Reviews  of  the  Theories  of  Adam 
Smith,  Ricardo,  J.  S.  Mill,  Fawcett, 
&c.  Demy  8vo.  Cloth,  price  18.C. 

The  Principles  of  a Time 


Policy : being  an  Exposition  of  a 
Method  of  Settling  Disputes  between 
Employers  and  Employed  in  regard 
to  Time  and  Wages,  by  a simple  Pro- 
cess of  Mercantile  Barter,  without 
recourse  to  Strikes  or  Locks-out. 
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MOFFAT  (Robert  Scott)— con- 
tinued. 

Reprinted  from  “The  Economy  of 
Consumption,”  with  a Preface  and 
Appendix  containing  Observations  on 
some  Reviews  of  that  book,  and  a Re- 
criticism of  the  Theories  of  Ricardo 
and  J.  S.  Mill  on  Rent,  Value,  and 
Cost  of  Production.  Demy  8vo. 
Cloth,  price  3 s.  6 d. 

MOLTKE  (Field-Marshal  Von). 
Letters  from  Russia. 
Translated  by  Robina  Napier. 
Crown  8vo.  Cloth,  price  6s. 

Notes  of  Travel.  Being  Ex- 
tracts from  the  Journals  of.  Crown 
Svo.  Cloth,  price  6s. 

Monmouth:  A Drama,  of  which 
the  Outline  is  Historical.  Dedicated 
by  permission  to  Mr.  Henry  Irving. 
Small  crown  8vo.  Cloth,  price  5 .s'. 
MORE  (R.  Jasper). 

Under  the  Balkans.  Notes 
of  a Visit  to  the  District  of  Philip- 
popolis  in  1876.  With  a Map  and 
Illustrations  from  Photographs. 
Crown  8vo.  Cloth,  price  6s. 

MORELL  (J.  R.). 

Euclid  Simplified  in  Me- 
thod and  Language.  Being  a 
Manual  of  Geometry.  Compiled  from 
the  most  important  French  Works, 
approved  by  the  University  of  Paris 
and  the  Minister  of  Public  Instruc- 
tion. Fcap.  8vo.  Cloth,  price  2s.  6 d. 
MORICE  (Rev.  F.  D.),  M.A. 
The  Olympian  and  Pythian 
Odes  of  Pindar.  A New  Transla- 
tion in  English  Verse.  Crown  8vo. 
Cloth,  price  7 s.  6 d. 

MORSE  (E.  S.),  Ph.D. 

First  Book  of  Zoology. 
With  numerous  Illustrations.  Crown 
Svo.  Cloth,  price  55. 
MORSHEAD  (E.  D.  A.) 

The  Agamemnon  of  ,£Es- 
chylus.  Translated  into  English 
verse.  With  an  Introductory  Essay. 
Crown  8vo.  Cloth,  price  5s. 

MORTERRA  (Felix). 

The  Legend  of  Allandale, 
and  other  Poems.  Small  crown  8vo. 
Cloth,  price  6s. 

MUSGRAVE  (Anthony). 
Studies  in  Political  Eco- 
nomy. Crown  8vo.  Cloth,  price  6s. 


NAAKE  (J.  T.). 

Slavonic  Fairy  Tales. 

From  Russian,  Servian,  Polish,  and 
Bohemian  Sources.  With  Four  Illus- 
trations. Crown  8vo.  Cloth,  price  5 s. 
NEWMAN  (J.  H.),  D.D. 
Characteristics  from  the 
Writings  of.  Being  Selections 
from  his  various  Works.  Arranged 
with  the  Author's  personal  approval. 
Third  Edition.  With  Portrait. 
Crown  8vo.  Cloth,  price  6s. 

***  A Portrait  of  the  Rev.  Dr.  J.  H. 
Newman,  mounted  for  framing,  can 
be  had.  price  2s.  6d. 

NICHOLAS  (Thomas),  Ph.D., 
F.G.S. 

The  Pedigree  of  the  English 
People:  an  Argument,  Historical 
and  Scientific,  on  the  Formation  and 
Growth  of  the  Nation,  tracing  Race- 
admixture  in  Britain  from  the  earliest 
times,  with  especial  reference  to  the 
incorporation  of  the  Celtic  Abori- 
gines. Fifth  Edition.  Demy  8vo. 
Cloth,  price  i6.r. 

NICHOLSON  (Edward  Byron). 
The  Christ  Child,  and  other 
Poems.  Crown  8vo.  Cloth,  price 
4r.  6cL. 

The  Rights  of  an  Animal. 

Crown  8vo.  Cloth,  price  3s.  6d. 
The  Gospel  according  to 
the  Hebrews.  Its  Fragments  trans- 
lated and  annotated,  with  a critical 
Analysis  of  the  External  and  Internal 
Evidence  relating  to  it.  Demy  8vo. 
Cloth,  price  gs.  6 d. 

NICOLS  (Arthur),  F.G.S. , 
F.R.G.S, 

Chapters  from  the  Physical 
History  of  the  Earth.  An  Introduc- 
tion to  Geology  and  Paleontology, 
with  numerous  illustrations.  Crown 
Svo.  Cloth,  price  5s. 

NOAKE  (Major  R.  Compton). 
The  Bivouac  ; or,  Martial 
Lyrist,  with  an  Appendix — Advice  to 
the  Soldier.  Fcap.  8vo.  Price  $s.  6d. 
NORMAN  PEOPLE  (The). 

The  Norman  People,  and 
their  Existing  _ Descendants  in  the 
British  Dominions  and  the  United 
States  of  America.  Demy  8vo. 
Cloth,  price  21J. 

NORRIS  (Rev.  Alfred). 

The  Inner  and  Outer  Life 

Poems.  Fcap.  8vo.  Cloth,  price  6s. 
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Notes  on  Cavalry  Tactics, 
Organization,  &c.  By  a Cavalry 
Officer.  With  Diagrams.  Demy8vo. 
Cloth,  price  12 s. 

Nuces : Exercises  on  the 
Syntax  of  the  Public  School 
Latin  Primer.  New  Edition  in 
Three  Parts.  Crown  8vo.  Each  ir. 

*#*  The  Three  Parts  can  also  be 
had  bound  together  in  cloth,  price  3*. 
O’BRIEN  (Charlotte  G.). 

Light  and  Shade.  2 vols. 

Crown  8vo.  Cloth,  gilt  tops,  price 

O'MEARA  (Kathleen). 

Frederic  Ozanam,  Professor 
of  the  Sorbonne  ; His  Life  and 
Works.  Second  Edition.  Crown 
8vo.  Cloth,  price  7 s.  6d. 

Oriental  Sporting  Magazine 
(The). 

A Reprint  of  the  first  5 Volumes, 
in  2 Volumes.  Demy  8vo.  Cloth, 
price  28j. 

OWEN  (F.  M.). 

John  Keats.  A Study. 

Crown  8vo.  Cloth,  price  6s. 
OWEN  (Rev.  Robert),  B.D. 
Sanctorale  Catholicum  ; or 
Book  of  Saints.  With  Notes,  Criti- 
cal, Exegetical,  and  Historical. 
Demy  8vo.  Cloth,  price  i8.r. 
PABGRAVE  (W.  Gifford). 

Hermann  Agha ; An  Eastern 
Narrative.  Third  and  Cheaper  Edi- 
tion. Crown  8vo.  Cloth,  price  6s. 
PALMER  (Charles  Walter). 

The  Weed  : a Poem.  Small 
crown  8vo.  Cloth,  price  A'. 
PANDURANG  HARI ; 

Or,  Memoirs  of  a Hindoo. 

With  an  Introductory  Preface  by  Sir 
H.  Bartle  E.  Frere,  G.C.S.I.,  C.B. 
Crown  8vo.  Price  6s. 

PARKER  (Joseph),  D.D. 

The  Paraclete : An  Essay 
on  the  Personality  and  Ministry  of 
the  Holy  Ghost,  with  some  reference 
to  current  discussions.  Second  Edi- 
tion. Demy  8vo.  Cloth,  price  12 s. 
PARSLOE  (Joseph). 

Our  Railways  : Sketches, 

Historical  and  Descriptive.  With 
Practical  Information  as  to  Fares, 
Rates,  &c.,  and  a Chapter  on  Rail- 
way Reform.  Crown  8vo.  Cloth, 
price  6s. 


PATTISON  (Mrs.  Mark). 

The  Renaissance  of  Art  in 
France.  With  Nineteen  Steel 
Engravings.  2 vols.  Demy  3vo. 
Cloth,  price  32$. 

PAUL  (C.  Kegan). 

Mary  Wolls t o n ec raft. 

Letters  to  Imlay.  With  Prefatory 
Memoir  by,  and  Two  Portraits  in 
eau  forte,  by  Anna  Lea  Merritt. 
Crown  8vo.  Cloth,  price  6s. 

Goethe’s  Faust.  A New 
Translation  in  Rime.  Crown  8vo. 
Cloth,  price  6s. 

William  Godwin : His 

Friends  and  Contemporaries. 
With  Portraits  and  Facsimiles  of  the 
Handwriting  of  Godwin  and  his 
Wife.  2 vols.  Square  post  8vo. 
Cloth,  price  28s. 

The  Genius  of  Christianity 
U nveiled.  Being  Essays  by  William 
Godwin  never  before  published. 
Edited,  with  a Preface,  by  C. 
Kegan  Paul.  Crown  8vo.  Cloth, 
price  7 s.  6d. 

PAUL  (Margaret  Agnes). 

Gentle  and  Simple : A Story. 
2 vols.  Crown  8vo.  Cloth,  gilt  tops, 
price  12J. 

***  Also  a Cheaper  Edition  in  one 
vol.  with  Frontispiece.  Crown  8vo. 
Cloth,  price  6s. 

PAYNE  (John). 

Songs  of  Life  and  Death. 

Crown  8vo.  Cloth,  price  5 s. 

PAYNE  (Prof.  J.  F.). 

Lectures  on  Education. 

Price  6 d. 

II.  Frobel  and  the  Kindergarten 
system.  Second  Edition. 

A Visit  to  German  Schools : 
Elementary  Schools  in  Ger- 
many. Notes  of  a Professional  Tour 
to  inspect  some  of  the  Kindergartens, 
Primary  Schools,  Public  Girls’ 
Schools,  and  Schools  for  Technical 
Instruction  in  Hamburgh,  Berlin, 
Dresden,  Weimar,  Gotha,  Eisenach, 
in  the  autumn  of  1874.  With  Critical 
Discussions  of  the  General  Principles 
and  Practice  of  Kindergartens  and 
other  Schemes  of  Elementary  Edu- 
cation. Crown  8vo.  Cloth,  price 
4*.  6d. 


C.  Kegan  Paul  Co.’s  Publications. 
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PEACOCKE  (Georgiana). 

Rays  from  the  Southern 
Cross  : Poems.  Crown  8vo.  With 
Sixteen  Full-page  Illustrations 
by  the  Rev.  P.  Walsh.  Cloth  elegant, 
price  1 or.  6d. 

PELLETAN  (E.). 

The  Desert  Pastor,  Jean 
Jarousseau.  Translated  from  the 
French.  By  Colonel  E.  P.  De 
L’Hoste.  With  a Frontispiece.  New 
Edition.  Fcap.  8vo.  Cloth,  price 
3 r.  6 d. 

PENNELL  (H.  Cholmondeley). 
Pegasus  Resaddled.  By 
the  Author  of  “ Puck  on  Pegasus,” 
&c.  &c.  With  Ten  Full-page  Illus- 
trations by  George  Du  Maurier. 
Second  Edition.  Fcap.  4to.  Cloth 
elegant,  price  12s.  6d. 

PENRICE  (Maj.  J.),  B.A. 

A Dictionary  and  Glossary 
oftheKo-ran.  With  copious  Gram- 
matical References  and  Explanations 
of  the  Text.  4to.  Cloth,  price  21  r. 
PERCIVAL  (Rev.  P.). 

Tamil  Proverbs,  with  their 
English  Translation.  Containing 
upwards  of  Six  Thousand  Proverbs. 
Third  Edition.  Demy  8vo.  Sewed, 
price  9 s. 

PESCHEL  (Dr.  Oscar). 

The  Races  of  Man  and 
their  Geographical  Distribution. 
Large  crown  8vo.  Cloth,  price  9 s. 
PETTIGREW  (J.  Bell),  M.D., 
F.R.S. 

Animal  Locomotion;  or, 

Walking,  Swimming,  and  Flying. 
With  130  Illustrations.  Second  Edi- 
tion. Crown  8vo.  Cloth,  price  sr. 

Volume  VII.  of  The  International 
Scientific  Series. 

PFEIFFER  (Emily). 
Quarterman’s  Grace,  and 
other  Poems.  Crown  8vo.  Cloth, 
price  s s. 

Gian  Alarch:  His  Silence 
and  Song.  A Poem.  Second 
Edition.  Crown  8vo.  price  6s. 

Gerard’s  Monument,  and 
other  Poems.  Second  Edition. 
Crown  8vo.  Cloth,  price  6s. 

Poems.  Second  Edition. 

Crown  8vo.  Cloth,  price  6s. 

Sonnets  and  Songs.  New 
Edition.  i6mo,  handsomely  printed 
and  bound  in  cloth, gilt  edges, price  4s. 


PINCHES  (Thomas),  M.A. 
Samuel  Wilberforce:  Faith 
— Service — Recompense.  Three 
Sermons.  With  a Portrait  of  Bishop 
Wilberforce  (after  a Photograph  by 
Charles  Watkins).  Crown  8vo.  Cloth, 
price  4.?.  6d. 

PLAYFAIR  (Lieut. -Col.),  Her 
Britannic  Majesty's  Consul-General 
in  Algiers. 

Travels  in  the  Footsteps  of 
Bruce  in  Algeria  and  Tunis. 
Illustrated  by  facsimiles  of  Bruce’s 
original  Drawings,  Photographs, 
Maps,  &c.  Royal  4to.  Cloth, 
bevelled  boards,  gilt  leaves,  price 
£3  3J- 

POLLOCK  (W.  H.). 

Lectures  on  French  Poets. 

Delivered  at  the  Royal  Institution. 
Small  crown  8vo.  Cloth,  price  5 r. 

POUSHKIN  (A.  S.). 

Russian  Romance. 

Translated  from  the  Tales  of  Belkin, 
&c.  By  Mrs.  J.  Buchan  Telfer  {nee 
Mouravieff).  Crown  8vo.  Cloth, 
price  3 j.  6 d. 

POWER  (H.). 

Our  Invalids  : How  shall 
we  Employ  and  Amuse  Them  P 
Fcap.  8vo.  Cloth,  price  2 j.  6d. 

POWLETT  (Lieut.  N.),  R.A. 
Eastern  Legends  and 
Stories  in  English  Verse.  Crown 
8vo.  Cloth,  price  5$. 

PRESBYTER. 

Unfoldings  of  Christian 

Hope.  An  Essay  showing  that  the 
Doctrine  contained  in  the  Damna- 
tory Clauses  of  the  Creed  commonly 
called  Athanasian  is  unscriptural. 
Small  crown  8vo.  Cloth,  price  4r.  6d. 

PRICE  (Prof.  Bonamy). 

Currency  and  Banking. 

Crown  8vo.  Cloth,  price  6s. 

Chapters  on  Practical  Poli- 
tical Economy.  Being  the  Sub- 
stance of  Lectures  delivered  before 
the  University  of  Oxford.  Large 
post  8vo.  Cloth,  price  I2jr. 

Proteus  and  Amadeus.  A 

Correspondence.  Edited  by  Aubrey 
DeVere.  Crown  8 vo.  Cloth,  price  5 s. 
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PUBLIC  SCHOOLBOY. 

The  Volunteer,  the  Militia- 
man, and  the  Regular  Soldier. 
Crown  8vo.  Cloth,  price  5s. 
Punjaub  (The)  and  North 
Western  Frontier  of  India.  By  an 
old  Punjaubee.  Crown  8vo.  Cloth, 
price  5$. 

QUATREFAGES  (Prof.  A.  de). 

The  Human  Species. 

Second  Edition.  Crown  8vo.  Cloth, 
price  5s. 

yd.  XXVI.  of  The  International 
Scientific  Series. 

RAVENSHAW  (John  Henry), 
B.  C . S . 

Gaur:  Its  Ruins  and  In- 
scriptions. Edited  with  consider- 
able additions  and  alterations  by  his 
Widow.  With  forty-four  photo- 
graphic illustrations  and  twenty-five 
fac-similes  of  Inscriptions.  Super 
royal  4to.  Cloth,  3/.  13s.  6d. 
READ  (Carveth). 

On  the  Theory  of  Logic  : 
An  Essay.  Crown  8vo.  Cloth, 
price  6s. 

REANEY  (Mrs.  G.  S.). 

Blessing  and  Blessed ; a 

Sketch  of  Girl  Life.  With  a frontis- 
piece. Crown  8vo.  Cloth,  price  5.J. 

Waking  and  Working  ; or, 
from  Girlhood  to  Womanhood. 
With  a Frontispiece.  Crown  8vo. 
Cloth,  price  5J. 

English  Girls  : their  Place 
and  Power.  With  a Preface  by 
R.  W.  Dale,  M.A.,  of  Birmingham. 
Second  Edition.  Fcap.  8vo.  Cloth, 
price  2S.  6 d. 

Just  Anyone,  and  other 
Stories.  Three  Illustrations.  Royal 
i6mo.  Cloth,  price  ir.  6 d. 
Sunshine  Jenny  and  other 
Stories.  Three  Illustrations.  Royal 
i6mo.  Cloth,  price  is.  6 d. 
Sunbeam  Willie,  and  other 
Stories.  Three  Illustrations.  Royal 
i6mo.  Cloth,  price  is.  6d. 
REYNOLDS  (Rev.  J.  W.). 

The  Supernatural  in  Na- 
ture. A Verification  by  Free  Use  of 
Science.  Second  Edition,  revised 
and  enlarged.  Demy  8vo.  Cloth, 
price  144'. 

Mystery  of  Miracles,  The. 
By  the  Author  of  “ The  Supernatural 
in  Nature.”  Crown  8vo.  Cloth, 
price  6r. 


RHOADES  (James). 

Timoleon.  A Dramatic  Poem. 

Fcap.  8vo.  Cloth,  price  5 s. 

RIBOT  (Prof.  Th.). 

English  Psychology.  Se- 
cond Edition.  A Revised  and  Cor- 
rected Translation  from  the  latest 
French  Edition.  Large  post  8vo. 
Cloth,  price  gs. 

Heredity  : A Psychological 

Study  on  its  Phenomena,  its  Laws, 
its  Causes,  and  its  Consequences. 
Large  crown  8vo.  Cloth,  price  gs. 

RINK  (Chevalier  Dr.  Henry). 
Greenland  : Its  People  and 
its  Products.  By  the  Chevalier 
Dr.  Henry  Rink,  President  of  the 
Greenland  Board  of  Trade.  With 
sixteen  Illustrations,  drawn  by  the 
Eskimo,  and  a Map.  Edited  by  Dr. 
Robert  Brown.  Crown  8vo.  Price 
1 or.  6d. 

ROBERTSON  (The  Late  Rev. 
F.  W.),  M.A.,  of  Brighton. 
Notes  on  Genesis.  New 

and  cheaper  Edition.  Crown  8vo., 
price  3 s.  6 d. 

Sermons.  Four  Series.  Small 

crown  8vo.  Cloth,  price  3 r.  6 d.  each. 

Expository  Lectures  on 
St.  Paul’s  Epistles  to  the  Co- 
rinthians. A New  Edition.  Small 
crown  8vo.  Cloth,  price  sr. 

Lectures  and  Addresses, 

with  other  literary  remains.  A New 
Edition.  Crown  8vo.  Cloth,  price  5 s. 

An  Analysis  of  Mr.  Tenny-.„ 
son’s  “ In  Memoriam.”  (Dedi- 
cated by  Permission  to  the  Poet- 
Laureate.)  Fcap.  8vo.  Cloth,  price  2s. 

The  Education  of  the 

Human  Race.  Translated  from 
the  German  of  Gotthold  Ephraim 
Lessing.  Fcap.  8vo.  Cloth,  price 
2s.  6 d. 

Life  and  Letters.  Edited  by 
the  Rev.  Stopford  Brooke,  M.A., 
Chaplain  in  Ordinary  to  the  Queen. 

I.  z vols.,  uniform  with  the  Ser- 
mons. With  Steel  Portrait.  Crown 
8vo.  Cloth,  price  7 r.  6d. 

II.  Library  Edition,  in  Demy  8vo., 
with  Two  Steel  Portraits.  Cloth, 
price  i2r. 


c.  Kegan  Paul  <5r*  Co.’s  Publications. 
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ROBERTSON  (The  Late  Rev. 
F.  W.),  M.A.,  of  Brighton— 
continued. 

III.  A Popular  Edition,  in  one  vol. 
Crown  8vo.  Cloth,  price  6s. 

The  above  Works  can  also  be  had 
half-bound  in  morocco. 

**  A Portrait  of  the  late  Rev.  F.  W. 
Robertson(  mounted  for  framing,  can 
be  had,  price  2s.  6 d. 

ROBINSON  (A.  Mary  F.). 

A Handful  of  Honey- 
suckle. Fcap.  8vo.  Cloth,  price 
3 r.  6d. 

RODWELL  (G.  F.),  F.R.A.S., 
F.C.S. 

Etna : a History  of  the 

Mountain  and  its  Eruptions. 
With  Maps  and  Illustrations.  Square 
8 vo.  Cloth,  price  gs. 

ROOD  (Ogden  N.). 

Modern  Chromatics,  with 
Applications  to  Art  and  In- 
dustry. With  130  Original  Illus- 
trations. Crown  8vo.  Cloth,  price  5.?. 

Vol.  XXVII.  of  The  International 
Scientific  Series. 

ROSS  (Mrs.  E.),  (“Nelsie  Brook”). 
Daddy’s  Pet.  A Sketch 
from  Humble  Life.  With  Six  Illus- 
trations. Royal  i6mo.  Cloth,  price  is. 
ROSS  (Alexander),  D.D. 
Memoir  of  Alexander 
Ewing,  Bishop  of  Argyll  and  the 
Isles.  Second  and  Cheaper  Edition. 
Demy  8vo.  Cloth,  price  10 s.  6 d. 
RUSSELL  (Major  Frank  S.). 
Russian  W ars  with  Turkey, 
Past  and  Present.  With  Two  Maps. 
Second  Edition.  Crown  8vo., price  6f. 
SADLER  (S.  W.),  R.N. 

The  African  Cruiser.  A 
Midshipman’s  Adventures  on  the 
West  Coast.  With  Three  Illustra- 
tions. Second  Edition.  Crown  8vo. 
Cloth,  price  3 s.  6 d. 

SALTS  (Rev.  Alfred),  LL.D. 
Godparents  at  Confirma- 
tion. With  a Preface  by  the  Bishop 
of  Manchester.  Small  crown  8vo. 
Cloth,  limp,  price  2$. 

SAMAROW  (G.). 

For  Sceptre  and  Crown.  A 
Romance  of  the  Present  Time. 
Translated  by  Fanny  Wormald.  2 
vols.  Crown  8vo.  Cloth,  price  15$. 


SAUNDERS  (Katherine). 

Gideon’s  Rock,  and  other 
Stories.  Crown  8vo.  Cloth,  price  6s. 
Joan  M erry  weather, and  other 
Stories.  Crown  8vo.  Cloth,  price  6s. 
Margaret  and  Elizabeth. 
A Story  of  the  Sea.  Crown  8vo. 
Cloth,  price  6s. 

SAUNDERS  (John). 

Israel  Mort,  Overman  : A 
Story  of  the  Mine.  Cr.  8vo.  Price  6s. 
Hirell.  With  Frontispiece. 
Crown  8vo.  Cloth,  price  3.5.  6 d. 

Abel  Drake’s  Wife.  With 

Frontispiece.  Crown  8vo.  Cloth, 
price  3s.  6 d. 

SAYCE  (Rev.  Archibald  Henry). 
Introduction  to  the  Science 
of  Language.  Two  vols. , large  post 
8vo.  Cloth,  price  25s. 

SCHELL  (Maj.  von). 

The  Operations  of  the 
First  Army  under  Gen.  von 
Goeben.  Translated  by  Col.  C.  H. 
von  Wright.  Four  Maps.  Demy 
8vo.  Cloth,  price  gs. 

The  Operations  of  the 
First  Army  under  Gen.  von 
Steinmetz.  Translated  by  Captain 
E.  O.  Hollist.  Demy  8vo.  Cloth, 
price  10s.  6 d. 

SCHELLENDORF  (Maj.-Gen. 
B.  von). 

The  Duties  of  the  General 

Staff.  Translated  from  the  German 
by  Lieutenant  Hare.  Vol.  I.  Demy 
8vo.  Cloth,  los.  6 d. 

SCHERFF  (Maj.  W.  von). 
Studies  in  the  New  In- 
fantry Tactics.  Parts  I.  and  II. 
Translated  from  the  German  by 
Colonel  Lumley  Graham.  Demy 
8vo.  Cloth,  price  7s.  6 d. 
SCHMIDT  (Prof.  Oscar). 

The  Doctrine  of  Descent 

and  Darwinism.  With  26  Illus- 
trations. Third  Edition.  Crown 
8vo.  Cloth,  price  51. 

Volume  XII.  of  The  International 
Scientific  Series. 

SCHUTZENBERGER(Prof.F.). 
Fermentation.  With  Nu- 
merous Illustrations.  Second  Edition. 
Crown  8vo.  Cloth,  price  5$. 

Volume  XX.  of  The  International 
Scientific  Series. 
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SCOTT  (Leader). 

A Nook  in  the  Apennines: 
A Summer  beneath  the  Chestnuts. 
With  Frontispiece,  and  27  Illustra- 
tions in  the  Text,  chiefly  from 
Original  Sketches.  Crown  8vo. 
Cloth,  price  7$.  6ii. 

SCOTT  (Patrick). 

The  Dream  and  the  Deed, 

and  other  Poems.  Fcap.  8vo.  Cloth, 
price  5$. 

SCOTT  (W.  T.). 

Antiquities  of  an  Essex 
Parish  ; or,  Pages  from  the  History 
of  Great  Dunmow.  Crown  8vo. 
Cloth,  price  sr.  Sewed,  4$. 

SCOTT  (Robert  H.). 

Weather  Charts  and  Storm 

Warnings.  Illustrated.  SecondEdi- 
tion.  Crown  8vo.  Cloth,  price  3$.  6 d. 

Seeking  his  Fortune,  and 
other  Stories.  With  Four  Illustra- 
tions. Crown  8vo.  Cloth,  price  3s.  6 d. 

SENIOR  (N.  W.). 

Alexis  De  Tocqueville. 

Correspondence  and  Conversations 
with  Nassau  W.  Senior,  from  1833  to 
1859.  Edited  by  M.  C.  M.  Simpson. 
2 vols.  Large  post  8vo.  Cloth, price  21s. 

Journals  Kept  in  France 
and  Italy.  From  1848  to  1852. 
With  a Sketch  of  the  Revolution  of 
1848.  Edited  by  his  Daughter,  M. 
C.  M.  Simpson.  2 vols.  Post  8vo. 
Cloth,  price  24 s. 

Sermons  to  Naval  Cadets. 
Preached  on  board  H.M.  S. 
M Britannia.”  Small  crown  8vo. 
Cloth,  price  3 r.  6 d. 

Seven  Autumn  Leaves  from 
Fairyland.  Illustrated  with  Nine 
Etchings.  Square  crown  8vo.  Cloth, 
price  3 r.  6d. 

SHADWELL  (Maj.-Gen.),  C.B. 
Mountain  Warfare.  Illus- 
trated by  the  Campaign  of  1799  in 
Switzerland.  Being  a Translation 
of  the  Swiss  Narrative  compiled  from 
the  Works  of  the  Archduke  Charles, 
Jomini,  and  others.  Also  of  Notes 
by  General  H.  Dufour  on  the  Cam- 
paign of  the  Valtelline  in  1633.  With 
Appendix,  Maps,  and  Introductory 
Remarks.  Demy  8vo.  Cloth,  price  i6r. 


SHAKSPEARE  (Charles). 

Saint  Paul  at  Athens  : 
Spiritual  Christianity  in  Relation  to 
some  Aspects  of  Modern  Thought. 
Nine  Sermons  preached  at  St.  Ste- 
phen’s Church,  Westboume  Park. 
With  Preface  by  the  Rev.'  Canon 
Farrar.  Crown  8vo.  Cloth,  price  sr. 
SHAW  (Major  Wilkinson). 

The  Elements  of  Modern 
Tactics.  Practically  applied  to 
English  Formations.  With  Twenty- 
five  Plates  and  Maps.  Small  crown 
8vo.  Cloth,  price  12s. 

***  The  Second  Volume  of  “Mili- 
tary Handbooks  for  Officers  and 
Non-commissioned  Officers.”  Edited 
by  Lieut.-Col.  C.  B.  Brackenbury, 
R.A.,  A.A.G. 

SHAW  (Flora  L.). 

Castle  Blair : a Story  of 
Youthful  Lives.  2 vols.  Crown  8vo. 
Cloth,  gilt  tops,  price  12s.  Also,  an 
edition  in  one  vol.  Crown  8vo.  6r. 
SHELLEY  (Lady). 

Shelley  Memorials  from 
Authentic  Sources.  With  (now 
first  printed)  an  Essay  on  Christian- 
ity by  Percy  Bysshe  Shelley.  With 
Portrait.  Third  Edition.  Crown 
8vo.  Cloth,  price  53-. 

SHELLEY  (Percy  Bysshe). 
Poems  selectedfrom.  Dedi- 
cated to  Lady  Shelley.  With  Pre- 
face by  Richard  Garnett.  Printed 
on  hand-made  paper.  With  miniature 
frontispiece.  Elzevir.8vo.,limp  parch- 
ment antique.  Price  6s., vellum  ys.6d. 
SHERMAN  (Gen.  W.  T.). 
Memoirs  of  General  W. 
T.  Sherman,  Commander  of  the 
Federal  Forces  in  the  American  Civil 
War.  By  Himself.  2 vols.  With 
Map.  Demy  8 vo  Cloth,  price  24i. 
Copyright  English  Edition. 
SHILLITO  (Rev.  Joseph). 

Womanhood : its  Duties, 

Temptations,  and  Privileges.  A Book 
for  Young  Women.  Second  Edition. 
Crown  8vo.  Price  3 r.  6 d. 
SHIPLEY  (Rev.  Orby),  M.A. 
Principles  of  the  Faith  in 
Relation  to  Sin.  Topics  for 
Thought  in  Times  of  Retreat. 
Eleven  Addresses.  With  an  Intro- 
. duction  on  the  neglect  of  Dogmatic 
Theology  in  the  Church  of  England, 
and  a Postscript  on  his  leaving  the 
Church  of  England.  Demy  8vo. 
Cloth,  price  12 s. 
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SHIPLEY  (Rev.  Orby,  M.A.) 
— continued. 

Church  Tracts,  or  Studies 
in  Modern  Problems.  By  various 
Writers.  2vols.  Crown  8vo.  Cloth, 
price  sr.  each. 

SHUTE  (Richard),  M.A. 

A Discourse  on  Truth. 

Large  Post  8vo.  Cloth,  price  gs. 

SMEDLEY  (M.  B.). 
Boarding-out  and  Pauper 
Schools  for  Girls.  Crown  8vo. 
Cloth,  price  3$.  6 d. 

SMITH  (Edward),  M.D.,  LL.B., 
F.R.S. 

Health  and  Disease,  as  In- 
fluenced by  the  Daily,  Seasonal,  and 
other  Cyclical  Changes  in  the  Human 
System.  A New  Edition.  Post8vo. 
Cloth,  price  7 s.  6d. 

Foods.  Profusely  Illustrated. 
Fifth  Edition.  Crown  8vo.  Cloth, 
price  s r. 

Volume  III.  of  The  International 
Scientific  Series. 

Practical  Dietary  for 
Families,  Schools,  and  the  La- 
bouring Classes.  A New  Edition. 
Post  8vo.  Cloth,  price  3$.  6d. 

Tubercular  Consumption 
in  its  Early  and  Remediable 
Stages.  Second  Edition.  Crown 
8vo.  Cloth,  price  6s. 

SMITH  (Hubert). 

Tent  Life  with  English 
Gipsies  in  Norway.  With  Five 
full-page  Engravings  and  Thirty-one 
smaller  Illustrations  by  Whymper 
and  others,  and  Map  of  the  Country 
showing  Routes.  Third  Edition. 
Revised  and  Corrected.  Post  8vo. 
Cloth,  price  21s. 

Songs  of  Two  Worlds.  By 

the  Author  of  “ The  Epic  of  Hades.” 
Fifth  Edition.  Complete  in  one 
Volume,  with  Portrait.  Fcap.  8vo. 
Cloth,  price  7 s.  6 d. 

Songs  for  Music. 

By  Four  Friends.  Square  crown 
8vo.  Cloth,  price  5s. 

Containing  songs  by  Reginald  A. 
Gatty,  Stephen  H.  Gatty,  Greville 
J.  Chester,  and  Juliana  Ewing. 


SPEDDING  (James). 

Reviews  and  Discussions, 
Literary,  Political,  and  His- 
torical, not  relating  to  Bacon. 
Demy  8vo.  Cloth,  price  12 s.  6d. 
SPENCER  (Herbert). 

The  Study  of  Sociology. 
Seventh  Edition.  Crown  8vo.  Cloth, 
price  5$. 

Volume  V.  of  The  International 
Scientific  Series. 

SPICER  (H.). 

Otho’s  Death  Wager.  A 

Dark  Page  of  History  Illustrated. 
In  Five  Acts.  Fcap.  8vo.  Cloth, 
price  5J. 

STAPLETON  (John). 

The  Thames  : A Poem. 

Crown  8vo.  Cloth,  price  6s. 
STEDMAN  (Edmund  Clarence). 
Lyrics  and  Idylls.  With 
other  Poems.  Crown  8vo.  Cloth, 
price  js.  6 d. 

STEPHENS  (Archibald  John), 
LL.D. 

The  Folkestone  Ritual 

Case.  The  Substance  of  the  Argu- 
ment delivered  before  the  Judicial 
Committee  of  the  Privy  Council.  On 
behalf  of  the  Respondents.  Demy 
8vo.  Cloth,  price  6s. 

STEVENS  (William). 

The  Truce  of  God,  and  other 
Poems.  Small  crown  8vo.  Cloth, 
price  3s.  6 d. 

STEVENSON  (Robert  Louis). 
An  Inland  Voyage.  With 
Frontispiece  by  Walter  Crane. 
Crown  8vo.  Cloth,  price  7 s.  6 d. 
Travels  with  a Donkey  in 
the  Cevennes.  With  Frontispiece 
by  Walter  Crane.  Crown  8vo.  Cloth, 
price  7 s.  6d. 

STEVENSON  (Rev.  W.  F.). 

Plymns  for  the  Church  and 

Home.  Selected  and  Edited  by  the 
Rev.  W.  Fleming  Stevenson. 

The  most  complete  Hymn  Book 
published. 

The  Hymn  Book  consists  of  Three 
Parts  I.  For  Public  Worship. — 
II.  For  Family  and  Private  Worship. 

■ — III.  For  Children. 

*#*  Published  in  various  forms  and 
prices,  the  latter  ranging  from  8 d. 
to  6s.  Lists  and  full  particulars 
will  be  furnished  on  application  to 
the  Publishers. 
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STEWART(Prof.  Balfour).  M.A., 
LL.D.,  F.R.S. 

On  the  Conservation  of 

Energy.  Fifth  Edition.  With 
Fourteen  Engravings.  Crown  8vo. 
Cloth,  price  5.1. 

Volume  VI.  of  The  International 
Scientific  Series. 

STORR (Francis),  and  TURNER 
Hawes). 

Canterbury  Chimes ; or, 

Chaucer  Tales  retold  to  Children. 
With  Illustrations  from  the  Elles- 
mere MS.  Extra  Fcap.  8vo.  Cloth, 
price  3$.  6a?. 

STRETTON  (Hesba). 

David  Lloyd’s  Last  Will. 

With  Four  Illustrations.  Royal 
i6mo.,  price  2 s.  6 d. 

The  Wonderful  Life. 

Thirteenth  Thousand.  Fcap.  '8vo. 
Cloth,  price  2 s.  6d. 

Through  a Needle’s  Eye  : 

a Story.  2 vols.  Crown  8vo.  Cloth, 
gilt  top,  price  12s. 

STUBBS  (Lieut. -Colonel  F.  W.) 
The  Regiment  of  Bengal 
Artillery.  The  History  of  its 
Organization,  Equipment,  and  War 
Services.  Compiled  from  Published 
Works,  Official 'Records,  and  various 
Private  Sources.  With  numerous 
Maps  and  Illustrations.  2 vols. 
Demy  8vo.  Cloth,  price  32s. 

STUMM  (Lieut.  Hugo),  German 
Military  Attache  to  the  Khivan  Ex- 
pedition. 

Russia’s  advance  East- 
ward. Based  on  the  Official  Reports 
of.  Translated  by  Capt.  C.  E.  H. 
Vincent.  With  Map.  Crown  8vo. 
Cloth,  price  6s. 

SULLY  (James),  M.A. 

Sensation  and  Intuition. 

Demy  8vo.  Cloth,  price  ioj.  6 d. 
Pessimism  : a History  and 
a Criticism.  Demy  8vo.  Price  145. 

Sunnyland  Stories. 

By  the  Author  of  “Aunt  Mary’s  Bran 
Pie.”  Illustrated.  Small  8vo.  Cloth, 
price  3s.  6 d. 

Sweet  Silvery  Sayings  of 
Shakespeare.  Crown  8vo.  Cloth 
gilt,  price  7 s.  6d. 


SYME  (David). 

Outlines  of  an  Industrial 
Science.  Second  Rdition.  Crown 
8vo.  Cloth,  price  6s. 

Tales  from  Ariosto.  Retold  for 

Children,  by  a Lady.  With  three 
illustrations.  Crown  8vo.  Cloth, 
price  4s.  6 d. 

TAYLOR  (Algernon). 

Guienne.  Notes  of  an  Autumn 

Tour.  Crown  8vo.  Cloth,  price  41. 6 d. 
TAYLOR  (Sir  H.). 

Works  Complete.  Author’s 
Edition,  in  5 vols.  Crown  8vo. 
Cloth,  price  6s.  each. 

Vols.  I.  to  III.  containing  the 
Poetical  Works,  Vols.  IV.  and  V. 
the  Prose  Works. 

TAYLOR  (Col.  Meadows),  C.S.I., 
M.R.I.A. 

A Noble  Queen  : a Romance 
of  Indian  History.  Crown  8vo. 
Cloth.  Price  6s. 

Seeta.  3 vols.  Crown  8vo. 

Cloth. 

Tippoo  Sultaun:  a Tale  of 
the  Mysore  War.  New  Edition  with 
Frontispiece.  Crown  8vo.  Cloth, 
price  6s. 

Ralph  Darnell.  New  and 
Cheaper  Edition.  With  Frontis- 
piece. Crown  8vo.  Cloth,  price  6s. 
The  Confessions  ofa  Thug. 
New  Edition.  Crown  8vo.  Cloth, 
price  6s. 

Tara  : a Mahratta  Tale. 

New  Edition.  Crown  8vo.  Cloth, 
price  6s. 

TELFER  (J.  Buchan),  F.R.G.S., 
Commander,  R.N. 

The  Crimea  and  Trans- 
Caucasia.  With  numerous  Illus- 
trations and  Maps.  2 vols.  Medium 
8vo.  Second  Edition.  Cloth,  price  36s. 
TENNYSON  (Alfred). 

The  Imperial  Library  Edi- 
tion. Complete  in  7 vols.  Demy  8vo. 
Cloth,  price  £3  13 s.  6d.  ; in  Rox- 
burgh binding,  £4  7 s.  6 d. 

Author’s  Edition.  Complete 
in  6 Volumes.  Post  8vo.  Cloth  gilt ; 
or  half-morocco,  Roxburgh  style : — 

Vol.  I.  Early  Poems,  and 
English  Idylls.  Price  6s.  ; Rox- 
burgh, 7 s.  6 d. 
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TEN NYSON  (Alfred)— continued. 
VOL.  II.  Locksley  Hall, 

Lucretius,  and  other  Poems. 
Price  6s.  ; Roxburgh,  7s.  6 d. 

Vol.  III.  The  Idylls  of 

the  King  (Complete).  Price  7 s.  6 d.  \ 
Roxburgh,  qs. 

Vol.  IV.  The  Princess,  and 
Maud.  Price  6s.;  Roxburgh,  7s.  6d. 
Vol.  V.  Enoch  Arden, 

and  In  Memoriam.  Price  6s.  ; 
Roxburgh,  7 s.  6 d. 

Vol.  VI.  Dramas.  Price  7r. ; 

Roxburgh,  8r.  6d. 

Cabinet  Edition.  12  vols. 

Each  with  Frontispiece.  Fcap.  8vo. 
Cloth,  price  is.  6d.  each. 

Cabinet  Edition.  12  vols.  Com- 
plete in  handsome  Ornamental  Case. 
32S- 

Pocket  Volume  Edition. 

13  vols.  In  neat  case,  36$.  Ditto, 
ditto.  Extra  cloth  gilt,  in  case,  41s. 

The  Royal  Edition.  Com- 
plete in  one  vol.  Cloth,  16s.  Cloth 
extra,  i8r.  Roxburgh,  half  morocco, 
price  20 s. 

The  Guinea  Edition.  Com- 
plete in  12  vols.,  neatly  bound  and 
enclosed  in  box.  Cloth,  price  2ii. 
French  morocco,  price  31$.  6 d. 

The  Shilling  Edition  of  the 

Peetical  and  Dramatic  Works,  in  12 
vols.,  pocket  size.  Price  is.  each. 
The  Crown  Edition-.  Com- 
plete in  one  vol.,  strongly  bound  in 
cloth,  price  6s.  Cloth,  extra  gilt 
leaves,  price  7 s.  6 d.  Roxburgh, 
half  morocco,  price  8r.  6 d. 

***  Can  also  be  had  in  a variety 
of  other  bindings. 

Original  Editions  : 

The  Lover’s  Tale.  (Now 
for  the  first  time  published.)  Fcap. 
8vo.  Cloth,  3 s.  6 d. 

Poems.  Small  8vo.  Cloth, 

price  6s. 

Maud,  and  other  Poems. 

Small  8vo.  Cloth,  price  3 s.  6d. 

The  Princess.  Small  8vo. 

Cloth,  price  31.  6d. 

Idylls  of  the  King.  Small 

8vo.  Cloth,  price  $s. 

Idylls  of  the  King.  Com- 

plete. Small  8vo.  Cloth,  price  6r. 


TENNYSON  (Alfred)— continued. 
The  Holy  Grail,  and  other 
Poems.  Small  8vo.  Cloth,  price 
4.?.  6 d. 

Gareth  and  Lynette.  Small 

8vo.  Cloth,  price  3s. 

Enoch  Arden,  &c.  Small 

8vo.  Cloth,  price  3$.  6 d. 

In  Memoriam.  Small  8vo. 

Cloth,  price  4 r. 

Queen  Mary.  A Drama. 

New  Edition.  Crown  8vo.  Cloth, 
price  6s. 

Harold.  A Drama.  Crown 

8vo.  Cloth,  price  6s. 

Selections  from  Tenny- 
son’s Works.  Super  royal  i6mo. 
Cloth,  price  3.?.  6d.  Cloth  gilt  extra, 
price  4 r. 

Songs  from  Tennyson’s 

Works.  Super  royal  i6mo.  Cloth 
extra,  price  3 s.  6 d. 

Also  a cheap  edition.  i6mo. 
Cloth,  price  2 r.  6 d. 

Idylls  of  the  King,  and 

other  Poems.  Illustrated  by  Julia 
Margaret  Cameron.  2 vols.  Folio. 
Half-bound  nlorocco,  cloth  sides, 
price  £ 6 6s.  each. 

Tennyson  for  the  Young  and 

for  Recitation.  Specially  arranged. 
Fcap.  8vo.  Price  is.  6 d. 

Tennyson  Birthday  Book. 

Edited  by  Emily  Shakespear.  32mo. 
Cloth  limp,  2f. ; cloth  extra,  3.?. 

***  A superior  edition,  printed  in 
red  and  black,  on  antique  paper, 
specially  prepared.  Small  crown  8vo. 
Cloth,  extra  gilt  leaves,  price  5.S.  ; 
and  in  various  calf  and  morocco 
bindings. 

In  Memoriam.  A new  Edi- 
tion, choicely  printed  on  hand- 
made paper,  with  a Miniature  Por- 
trait in  can  forte • by  Le  Rat, 
after  a photograph  by  the  late  Mrs. 
Cameron.  Bound  in  limp  parchment, 
antique,  price  6s.,  vellum  7 s.  6d. 

Songs  Set  to  Music,  by 

various  Composers.  Edited  by  W. 
G.  Cusins.  Dedicated  by  express 
permission  to  Her  Majesty  the 
Queen.  Royal  4to.  Cloth  extra, 
gilt  leaves,  price  21s.,  or  in  half- 
morocco, price  25.S. 
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THOMAS  (Moy). 

A Fight  for  Life.  With 
Frontispiece.  Crown  8vo.  Cloth, 
price  3 r.  6 d. 

THOMPSON  (Alice  C.). 
Preludes.  A Volume  of 
Poems.  Illustrated  by  Elizabeth 
Thompson  (Painter  of  “The  Roll 
Call  ”).  8vo.  Cloth,  price  7 r.  6d. 
THOMSON  (J.  Turnbull). 

Social  Problems ; or,  an  In- 
quiry into  the  Law  of  Influences. 
With  Diagrams.  Demy  8vo.  Cloth, 
price  ror.  6d. 

Thoughts  in  Verse. 

Small  Crown  8vo.  Cloth,  price  is.  6d. 
THRING  (Rev.  Godfrey),  B.A. 
Hymns  and  Sacred  Lyrics. 

Fcap.  8vo.  Cloth,  price  5 s. 
THURSTON  (Prof.  R.  H.). 

A History  of  the  Growth 
of  the  Steam  Engine.  With 
numerous  Illustrations.  Second 
Edition.  Crown  8vo.  Cloth,  price 
6s.  6d. 

TODHUNTER  (Dr.  J.) 

Alcestis  : A Dramatic  Poem. 

Extra  fcap.  8vo.  Cloth,  price  5s. 

Laurella;  and  other  Poems. 

Crown  8vo.  Cloth,  price  6s.  6d. 
TOLINGSBY  (Frere). 

Elnora.  An  Indian  Mytho- 
logical Poem.  Fcap.  8vo.  Cloth, 
price  6x. 

TRAHERNE  (Mrs.  A.). 

The  Romantic  Annals  of 

a Naval  Family.  A New  and 
Cheaper  _ Edition.  Crown  8vo. 
Cloth,  price  54. 

Translations  from  Dante, 
Petrarch,  Michael  Angelo,  and 
Vittoria  Colonna.  Fcap.  8vo. 
Cloth,  price  7 s.  6 d. 

TURNER  (Rev.  C.  Tennyson). 
Sonnets,  Lyrics,  and  Trans- 
lations. Crown  8vo.  Cloth,  price 
4j.  6 d. 

TYNDALL  (John), LL.D..F.R.S 
Forms  of  Water.  A Fami- 
liar Exposition  of  the  Origin  and 
Phenomena  of  Glaciers.  With 
Twenty-five  Illustrations.  Seventh 
Edition.  Crown  8vo.  Cloth,  price  5s. 

Volume  I.  of  The  International 
Scientific  Series. 


VAN  BENEDEN  (Mons.). 
Animal  Parasites  and 
Messmates.  With  83  Illustrations, 
oecond  Edition.  Cloth,  price  5$. 

Volume  XIX.  of  The  International 
Scientific  Series. 

VAUGHAN  (H.  Halford),  some- 
time Regius  Professor  of  Modern 
History  in  Oxford  University. 

New  Readings  and  Ren- 
derings of  Shakespeare’s  Tra- 
gedies. Vol.  I.  Demy  8vo.  Cloth, 
price  15  s. 

VILLA RI  (Prof.). 

Niccolo  Machiavelli  and 
His  Times.  Translated  by  Linda 
Villari.  2 vols.  Large  post  8vo. 
Cloth,  price  24^. 

VINCENT  (Capt.  C.  E.  H.). 
Elementary  Military 
Geography,  Reconnoitring,  and 
Sketching.  Compiled  for  Non- 
Commissioned  Officers  and  Soldiers 
of  all  Arms.  Square  crown  8vo. 
Cloth,  price  2 r.  6 d. 

VOGEL  (Dr.  Hermann). 

The  Chemical  Effects  of 

Light  and  Photography,  in  their 
application  to  Art,  Science,  and 
Industry.  The  translation  thoroughly 
revised.  With  100  Illustrations,  in- 
cluding some  beautiful  specimens  of 
Photography.  Third  Edition.  Crown 
8vo.  Cloth,  price  5$. 

Volume  XV.  of  The  International 
Scientific  Series. 

VYNER  (Lady  Mary). 

Every  day  a Portion. 

Adapted  from  the  Bible  and  the 
Prayer  Book,  for  the  Private  Devo- 
tions of  those  living  in  Widowhood. 
Collected  and  edited  by  Lady  Mary 
Vyner.  Square  crown  8vo.  Cloth 
extra,  price  5s. 

WALDSTEIN  (Charles),  Ph.  D. 
The  Balance  of  Emotion 
and  Intellect : An  Essay  Intro- 
ductory to  the  Study  of  Philosophy. 
Crown  8vo.  Cloth,  price  6s. 

WALLER  (Rev.  C.  B.) 

The  Apocalypse,  Reviewed 
under  the  Light  of  the  Doctrine  of 
the  Unfolding  Ages  and  the  Resti- 
tution of  all  Things.  Demy  8vo. 
Cloth,  price  12s. 
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WALTERS  (Sophia  Lydia). 

The  Brook  : A Poem.  Small 

crown  8vo.  Cloth,  price  3 s.  6 d. 

A Dreamer’s  Sketch  Book. 
With  Twenty-one  Illustrations  by 
Percival  Skelton,  R.  P.  Leitch, 
W.  H.  J.  Boot,  and  T.  R.  Pritchett. 
Engraved  by  J.  D.  Cooper.  Fcap. 
4to.  Cloth,  price  12 r.  6 d. 
WARTENSLEBEN  (Count  H. 
von). 

The  Operations  of  the 
South  Army  in  January  and 
February,  1871.  Compiled  from 
the  Official  War  Documents  of  the 
Head-quarters  of  the  Southern  Army. 
Translated  by  Colonel  C.  H.  von 
Wright.  With  Maps.  Demy  8vo. 
Cloth,  price  6s. 

The  Operations  of  the 
First  Army  under  Gen.  von 
Manteuffel.  Translated  by  Colonel 
C.  H.  von  Wright.  Uniform  with 
the  above.  Demy  8vo.  Cloth, price  9 s. 
WATERFIELD,  W. 

Hymns  for  Holy  Days  and 
Seasons.  32010.  Cloth,  price  ir.  6d. 
WATSON  (Sir  Thomas),  Bart., 
M.D. 

The  Abolition  of  Zymotic 
Diseases,  and  of  other  similar  ene- 
mies of  Mankind.  Small  crown  8 vo. 
Cloth,  price  3r.  6d. 

WAY  (A.),  M.A. 

The  Odes  of  Horace  Lite- 
rally Translated  in  Metre.  Fcap. 
8vo.  Cloth,  price  2 r. 

WEBSTER  (Augusta). 
Disguises.  A Drama.  Small 
crown  8vo.  Cloth,  price  5 s. 
WEDMORE  (Frederick). 

The  Masters  of  Genre 
Painting.  With  sixteen  illustrations. 
Crown  8vo.  Cloth,  price  7 s.  6d 
WELLS  (Capt.  John  C.),  R.N. 
Spitzbergen — The  Gate- 
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WILLIS  (R.),  M.D. 

Servetus  and  Calvin  : a 

Study  of  an  Important  Epoch  in  the 
Early  History  of  the  Reformation. 
8vo.  Cloth,  price  i6r. 

William  Harvey.  A History 
of  the  Discovery  of  the  Circula- 
tion of  the  Blood.  With  a Portrait 
of  Harvey,  after  Faithorne.  Demy 
8vo.  Cloth,  price  14s. 

WILLOUGHBY(The  Hon.  Mrs.). 

On  the  North  Wind  — 

Thistledown.  A Volume  of  Poems. 
Elegantly  bound.  Small  crown  8vo. 
Cloth,  price  7 s.  6 d. 

WILSON  (H.  Schiitz). 

Studies  and  Romances. 

Crown  8vo.  Cloth,  price  js.  6 d. 

The  Tower  and  Scaffold. 

A Miniature  Monograph.  Large 
fcap.  8vo.  Price  is. 

WILSON  (Lieut.-Col.  C.  T.). 
James  the  Second  and  the 
Duke  of  Berwick.  Demy  8vo. 
Cloth,  price  i2r.  6 d. 

WINTERBOTHAM  (Rev.  R.), 
M.A.,  B.Sc. 

Sermons  and  Expositions. 

Crown  8vo.  Cloth,  price  7 s.  6 d. 

Within  Sound  of  the  Sea. 

By  the  Author  of  “ Blue  Roses,” 
“Vera,"  &c.  Third  Edition.  2 vols. 
Crown  8vo.  Cloth, gilt  tops,  price  12s. 

***  Also  a cheaper  edition  in  one 
Vol.  with  frontispiece.  Crown  8vo. 
Cloth,  price  6s. 

WOINOVITS  (Capt.  I.). 

Austrian  Cavalry  Exercise. 

Translated  by  Captain  W.  S.  Cooke. 
Crown  8vo.  Cloth,  price  7 s. 


WOLLSTONECRAFT  (Mary). 
Letters  to  Imlay.  With  a 
Preparatory  Memoir  by  C.  Kegan 
Paul,  and  two  Portraits  in  enu  forte 
by  Anna  Lea  Merritt.  Crown  8vo. 
Cloth,  price  6s. 

WOOD  (Major-General  J.  Creigh- 
ton). 

Doubling  the  Consonant. 

Small  crown  8vo.  Cloth,  price  is.  6d. 
WOODS  (James  Chapman). 

A Child  of  the  People, 

and  other  poems.  Small  crown  8vo. 
Cloth,  price  5*. 

WRIGHT  (Rev.  David),  M.A. 
Waiting  for  the  Light,  and 
other  Sermons.  Crown  8vo.  Cloth, 
price  6s. 

WYLD  (R.  S.),  F.R.S.E. 

The  Physics  and  the  Philo- 
sophy of  the  Senses  ; or,  The 
Mental  and  the  Physical  in  their 
Mutual  Relation.  Illustrated  by 
several  Plates.  Demy  8vo.  Cloth, 
price  16s. 

YOUMANS  (Eliza  A.). 

An  Essay  on  the  Culture 
of  the  Observing  Powers  of 
Children,  especially  in  connection 
with  the  Study  of  Botany.  Edited, 
with  Notes  and  a Supplement,  by 
Joseph  Payne,  F.  C.  P.,  Author  of 
“ Lectures  on  the  Science  and  Art  of 
Education,”  &c.  Crown  8vo.  Cloth, 
price  2 s.  6d. 

First  Book  of  Botany. 

Designed  to  Cultivate  the  Observing 
Powers  of  Children.  With  300  En- 
gravings. New  and  Cheaper  Edi- 
tion. Crown  8vo.  Cloth,  price  2s.  6 d. 

YOUMANS  (Edward  L.),  M.D. 

A Class  Bookof  Chemistry, 

on  the  Basis  of  the  New  System. 
With  200  Illustrations.  Crown  8vo. 
Cloth,  price  sr. 

YOUNG  (William). 

Gottlob,  etcetera.  Small 
crown  8 vo.  Cloth,  price  3s.  6d. 
ZIMMERN  (H.). 

Stories  in  Precious  Stones. 
With  Six  Illustrations.  Third  Edi- 
tion. Crown  8vo.  Cloth,  price  sr. 


London: — C.  Kegan  Paul  & Co.,  1,  Paternoster  Square. 


I 


